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Introduction

Dental formation begins with the development of deciduous teeth in the sixth week of
fetal development and lasts until adolescence. It is the result of several complex
processes through the histological and functional modification of stem cells that allow
teeth to erupt. This process is carried out basically in two phases, the histogenesis or
histodifferentiation, and the morphogenesis or morphodifferentiation. Both phases
require a series of stepped and overlapping stages, with the process of forming the
pattern of the dental crown one of the most important and complex.

Throughout these processes, the influence of etiological, genetic, or environmental
factors can lead to abnormalities in the shape, number, size, colour or structure of the
teeth causing abnormalities in dental morphodifferentiation.

Histogenesis or cytodifferentiation is the phase in which the process of formation of
dental tissues occurs: enamel, dentine, and pulp from the patterns of the crown and
tooth’s root. Any anomaly in this process will give rise to alterations in the structure of
the dental tissues, the disorder varies depending on the structure that is affected.

1.1 Anomalies in the development of the enamel.

The ameloblasts are cells responsible for the formation of the enamel. They are highly
differentiated cells and extremely sensitive to the effects of a variety of etiological
agents, resulting in alterations or dysplasias in the formation of enamel.

The formation of the enamel has two phases. The first one the secretion phase, in
which the ameloblast secretes the protein matrix through the Tomes fibres. The
second one is the mineralization phase in which the protein matrix begins to calcify
and the nuclei of the hydroxyapatite crystals that later mature and form the prisms.
This process will give rise to the enamel as we know it.

The tooth mineralization phase always begins after the secretion phase, and both
phases coexist in the tooth in different areas, (i.e. at any given time the occlusal surface
of a molar may be mineralising and at the same time the secretion of the matrix in the
cervical areas may occur). The mineralisation has a centrifugal pattern that begins in
the innermost part of the enamel at the incisal level and continues in two directions
towards the outside of the enamel and towards the tooth cervix.

1.1.1 Classification of enamel dysplasias.

Enamel dysplasias can be classified according to their histopathology, location, or
aetiology.
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1.1.1.1 According to its histopathology

A) Quantitative defects: hypoplasia and aplasia.
These are alterations that occur during the secretion phase of the enamel matrix and
result in a deficit in its volume that can be partial (hypoplasia) or total (aplasia). Within

the quantitative defects we will find different clinical forms of appearance:

- Points or pits: the appearance of points, pits, or holes with a usual linear
arrangement and variable depth and length that may appear pigmented.

- Bands: they appear as linear spots or depressions with a horizontal pattern,
parallel to the Retzius striae and perpendicular to the dental axis.

- Areas: they take irregular forms with more or less extensive affectation where
the enamel is of smaller thickness.

Hypoplastic signs are often followed by alterations in colour (yellow or brown) due to
factors such as staining, deposits, cavities, or remineralisation processes.

B) Qualitative defects: hypocalcification.

These are alterations that occur during the mineralisation or maturation phases. Within
the qualitative defects we will find different clinical forms of appearance:

- Circumscribed: with well-defined and delimited edges, the adjacent enamel is
normal and well-differentiated from the anomalous one.

- Diffuse: The damage is not clearly delimited and overlaps with the healthy
enamel that surrounds it.

1.1.1.2 According to its location.
- Located, which affects one or more teeth.
- Widespread, they affect the entire dentition.

1.1.1.3 According to its aetiology
- Genetic or primary. Those with a hereditary transmission pattern, where
mutations in the genes involved in amelogenesis are likely to exist. They affect
both dentitions, a single tissue (enamel or dentin), and all teeth with vertical or

diffuse distribution. There is no family history and the causative agent is not
detectable.
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- Environmental or secondary. They are linked to external or environmental
factors that cause injuries to teeth and surfaces, temporarily limited to the time
at which the causative agent acts. They affect one of the two dentitions; it can
affect several tissues (enamel and dentin) and one or more teeth with a
horizontal distribution of the injuries. There is no family history and the
causative agent is detectable.

1.1.2 Amelogenesis imperfecta.

Amelogenesis imperfecta is a process included in a group of disorders with a genetic
and hereditary origin. It seems to have no apparent systemic involvement that includes
all phases of enamel development both in the secretion of the organic matrix and in
the mineralization and maturation of enamel. It produces disorders in the structure that
are manifested in the clinical appearance and may affect one or both dentitions. Its
prevalence is estimated at 1/4000 and 1/14000.

1.1.2.1 Etiopathogenesis

It is a disease with a complicated genetic origin that can manifest itself with different
phenotypic expressions and with variable inheritance patterns between dominant and
recessive sex-linked. Currently, 5 genes involved in amelogenesis imperfecta are
known, each of which can lead to different clinical manifestations.

1.1.2.2 Classification

Weinman in 1945 established the first classification with two unique types, the
hypoplastic and the hypocalcified one. Years later in 1988, Witkop established three
groups based on the histopathology of the injuries giving rise to hypoplastic,
hypocalcified, and hypomature injuries. Later on, a fourth group was added and was
associated with Taurodontism, leaving a classification of 4 groups and 15 different
subtypes. With current and future studies and the general advancement of the medical
sciences, new classifications are more likely to appear more accurate and complete
than the current ones. This classification includes: hypoplastic form (type 1),
hypomature form (type 2), hypocalcified form (type 3) and hypomature-hypoplastic
form associated with Taurodontism (type 4).

A) Type 1: Hypoplastic form

There is an inadequate deposition of the enamel matrix, but correct mineralization of
the same. Radiographically the enamel contrasts with the dentine.

a) Punctiform variant: hypoplastic enamel with small pits, especially on facial
areas and often arranged in rows and columns. With dominant inheritance.

b) Dominant localised form: hypoplastic enamel, located in pits and grooves,

with a horizontal pattern in the middle third area. Not all teeth are affected. With
dominant inheritance.
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¢) Localised recessive form: hypoplastic enamel, localised but more severe.
Hypoplastic enamel may be hypocalcified. All teeth are affected and their
inheritance is autosomal recessive.

d) Dominant smooth variant: smooth thin hypoplastic enamel with changes in
colour. There is also a loss of contact points. It is associated with dominant
inheritance.

€) Recessive smooth variant: affects in a different way according to gender. In
men, the hypoplastic enamel is smooth, thin, and with changes in colour and
in women, it has alternating vertical bands of normal and hypoplastic enamel.
It is associated with an open bite. Associated with recessive inheritance.

f) Rough variant: hypoplastic, rough, thin, hard, and granular-appearance
enamel. There are no contact points. It is associated with an open bite and its
inheritance is dominant.

g) Enamel agenesis: rough and yellowish-brown tooth surface. There are no
contact points. Teeth are frequently retained and reabsorbed. It is associated
with an open bite.

B) Type 2: Hypomature form.

In these cases, there is a defect in the maturation of the hydroxyapatite crystals, teeth
have a normal shape, and white or brown discolourations may occur. The enamel is
softer, splinters, and peels off as the explorer passes through. Radiographically the
density is similar to dentine, therefore, it has a lower radiographic density than normal
enamel.

a) Brown pigmented form: the enamel fractures and separates from the
dentine. With an autosomal recessive inheritance.

b) White - yellowish: alternation between normal bands and hypomature ones.
With X-linked recessive transmission. In males, the enamel is whitish or
yellowish and mottled. In women, it has alternating bands of normal enamel
and opaque and hypomature ones. Its colour is white or yellowish.

c) Mottled teeth: the enamel is opaque white, covers incisal and coronal thirds.
With X-linked inheritance.

d) Mottled tooth, with partial discolourations with anterior or posterior
involvement (not global). Probably autosomal dominant inheritance.

C) Type 3: Hypocalcified form
There is a failure in the process of calcification. Teeth have a normal morphology with

a yellow-brown discolouration, which in aggravated processes changes to dark brown-
black. Tartar is deposited on it rapidly and the enamel is quickly lost. There is less
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involvement of the cervical enamel, which has better calcification and delays more in
the fall. This type of amelogenesis is related to dental inclusions and open bite.
Radiographically the radiodensities of dentine and enamel are the same.

a) Autosomal dominant variant: it has a hypocalcified enamel with an initial
colour yellow-brownish or orange. It may have a soft consistency and a loss of
the same to slight mechanical stimuli. Also associated with an open bite.

b) Autosomal recessive variant: Similar to the dominant variant but presenting
exacerbation of the clinical picture.

D) Type 4: Hypomature-hypoplastic form associated with Taurodontism

In this form, there is a combination of hypoplastic and hypomaturative aspects
predominating one or the other according to the variant that appears. It occurs diffusely
in both dentitions and is associated with Taurodontism at the dental level and
trichodental syndrome (also trichodental dysplasia) at the systemic level.

a) Hypomaturative variant: there are hypoplastic components in the form of pits
in the facial surfaces. With autosomal dominant inheritance.

b) Hypoplastic variant: where the hypoplastic components with hypomature
areas predominate. With autosomal recessive inheritance.

1.1.3 Environmental enamel dysplasias
1.1.3.1 Prevalence

Scientific research was performed on 1500 children aged 12 to 15 years in permanent
dentitions, finding that 67.2% of patients had opacities and 14.6% had enamel
hypoplasia, with an average involvement of 3.6% of all the pieces under study.

1.1.3.2 Treatment

Within the anomalies, in the development of enamel due to environmental causes we
can find different degrees of affectation, limited to the intensity and time at which they
occur. Treatment will depend on the severity of the condition, in mild cases may be
sufficient with preventive measures, such as instructions for proper oral hygiene and
fluoridation. In many cases, the problems are predominantly aesthetic and can be
treated with full coating crowns or even with porcelain or composite facets (also
veneers). These treatments should be performed as soon as possible to avoid the
negative psychological impact that this disease has on patients.
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1.1.3.3 Aetiology
Its causes are many and among them we highlight:
A) By traumatic processes in childbirth:

Observing what is called the neonatal line, we can see the accentuation of stria of
Retzius or the presence of an abnormal band of defective enamel. The alterations are
located on the enamel of the incisors in the middle third, canine and molar cusps,
always observing these defects in the temporary dentition and being able to present
manifestations of hypoplasia, hypocalcification or hypomature processes.

B) For nutritional alterations:

a) Rickets. There are many vitamins whose deficiency is associated with
problems in the development of enamel, but it is only evidenced by the
deficiency of vitamin D. This deficiency can lead to dysplastic enamel
alterations always located in permanent dentition as during pregnancy the

foetus acquires all the elements necessary for the formation of the enamel through
the mother.

b) Fluorosis. Ingestion of more than 1.8 ppm of fluoride in water results in a
dysplastic condition in the enamel known as fluorosis. Fluoride on a developing
enamel causes degenerative processes in ameloblasts and makes it difficult to
remove amelogenins. It could present as a mineralization disorder or as a
hypoplastic process. Fluorotic enamel is less susceptible to caries than normal
enamel except in the most severe cases, being important to make a correct
differential diagnosis with amelogenesis imperfecta. The distribution of
fluorosis shows more horizontal striations and changes in colouration, and
although several members of the same family may suffer from it, it has no
genetic pattern.

c) Celiac disease: celiac disease consists of an intolerance to gluten proteins
that runs with the atrophy of the mucosa of the small intestine. Its association
with enamel hypoplasia and also with delays in a rash and recurrent aphthosis
has been described.

C) For debilitating diseases:

The most common is febrile hypoplasia, where the increase in temperature has an
impact on ameloblasts causing narrow horizontal bands of dysplastic enamel. The
number and type of teeth affected indicate the time of onset of the disease and the
involvement is usually bilateral and symmetrical.

D) By infectious processes:

a) Apical infection in temporary teeth. They give rise to the so-called Turner’s
teeth, whose aetiology lies in processes of periapical infection, usually in
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molars. It can also occur from trauma to temporary teeth, especially anterior
ones. Permanent teeth have white, yellow, or brown discolouration processes,
with hypoplastic horizontal bands and may be associated with dilaceration.

b) Prenatal infections. If the mother contracts rubella in the first trimester of
pregnancy, it causes several alterations in the child of anatomical and
neurological nature. At the dental level, there is no specific pattern, but it usually
presents as a form of generalised hypoplasia in the enamel. In case the mother
has syphilis, the child will have a series of three clinical manifestations called
Hutchinson's triad which is: neurological deafness, interstitial keratitis, and
dental disorders. At the dental level, the anterior teeth are in the form of a
screwdriver and are observed hypoplasia in incisal areas and the presence of
diastemas. Posterior teeth are blackish, also called Fournier.

E) For iatrogenic causes

a) Tetracyclines. Lesions in the form of pigmentation are present, which may
be accompanied by dysplastic lesions with an undefined pattern. Tetracycline
is incorporated into the enamel matrix in the calcification phase forming a
calcium phosphate-tetracycline complex and the exposure of these complexes
to sunlight results in a discolouration that ranges from light yellow to brown,
accompanied by varying degrees of decalcification.

b) Radiotherapy: It has an effect when applied in children under 12 years being
more evident in children under 5 years, radiotherapy has hypoplastic defects
and can be generalised or localised without a specific pattern. It is associated
with processes of hypodontia, microdontia, root hypoplasia, dentin disorders
and mandibular hypoplasia.

¢) Chemotherapy: They usually manifest as hypoplastic alterations, with
discolourations and associated with microdontia and root hypoplasia.

1.1.3.4 Degrees of affectation

Finally, it is important to know the classification of the severity of involvement in
hypomineralization proposed by Mathu-Muju and Wright in 2006:

-Mild: Opacities in non-functional areas, negative sensitivity, absent caries,
unaffected or mild involvement incisors.

- Moderate: Opacities in functional areas, negative sensitivity, caries or PEB
(post eruptive breakdown due to MIH: molar incisor hypomineralization) up to
two surfaces, no cusps are affected, some aesthetic compromise, and intact
fillings.

- Severe: PEB or extensive caries, positive sensitivity, pulp involvement and
defective fillings.
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1.2 Abnormalities in the development of dentine.

Dentine is formed after the differentiation of dental bud cells into odontoblasts induced
by preameloblasts of the enamel organ. Dentinogenesis consists of two phases.

During the secretion phase, odontoblasts synthesize proteins from the dentine matrix
and secrete it to the outside by cytoplasmic prolongation or odontoblastic process. The
odontoblastic secretory activity gives rise to predentine.

During the mineralisation phase, the deposition of hydroxyapatite crystals occurs
which are secreted in the form of vesicles. The mineralized zone is preceded by an
unmineralized predentine front. The mineralisation pattern of dentine is twofold, a
globular pattern in which crystals bind into mineral aggregates called calcospherites,
which then bind to each other and another pattern according to a linear front. At the
same time, all the components of the peritubular and intertubular dentine are
mineralised.

Histopathologically, the alterations that we can have in the dentine when there are
alterations in the function of its odontoblasts are of two types:

- Alterations in the tubular pattern, assume the presence of irregular tubules in
shape and size. If the damage is more severe, the odontoblast dies with the
consequent reduction in the number of tubules. Dentine can produce
subsequent differentiation of mesenchymal cells in odontoblasts with regular
dentine production after the process.

- Alterations in mineralization, are in relation to the severity of the process, so
they appear from minimal mineralisation defects to severe conditions. In the
process of normal dentine calcification, the spheroidal calcification nuclei
(calcosphere) fuse with each other. In the case of calcification disorders, they
do not fuse, generating non-calcified areas of matrix between the
calcospherites that delimit them, giving them a typical "holly leaf" shape, this is
what is known as interglobular dentine.

1.2.1 Classification

Genetics Environmental

Dentinogenesis imperfecta type I, Il and Il | Rickets

Dental dysplasia Calcinosis
Associated with Syndromes Use of tetracyclines
Hypophosphatasia

Ehlers-Danlos syndrome

Table 1. Aetiological classification of abnormalities in the development of dentine.
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1.2.2 Dentinogenesis imperfecta

It does not usually have systemic involvement. Its incidence is around one case per
8000 inhabitants and usually responds to a dominant genetic pattern of high
penetrance, related to the alteration of the long arm on chromosome 4, a subtype that
can be associated with osteogenesis imperfecta. The dentine adopts a characteristic
opalescent appearance which is why this process has been called hereditary
opalescent dentine.

1.2.2.1 Histopathology

The scalloping of the amelodentinal junction is not observed, so it appears smooth and
uniform although the dentine may be normal in the vicinity of the enamel. In the rest,
the histological lesions present typical alterations of the development of the dentine:
alterations in the pattern of the tubules and in the calcification, there is a significant
reduction of dentinal tubules, being in addition small and irregular, anarchic, and
frequently obliterated. There are areas of non-tubular dentine and an increase in
interglobular dentine. There is a greater amount of organic material and water, implying
a reduction in the inorganic material.

The pulp chamber is very small or completely obliterated, with the presence of calcified
bodies (pulp stone). Odontoblasts are few and atypical and may even be absent.

1.2.2.2 Clinical manifestations

It affects all the teeth of both dentitions, with greater involvement in the temporary
dentition. The dentine takes on a characteristic opalescent and translucent
appearance and there are discolourations ranging from bluish, grey and brown and the
translucency of the tooth is characteristic.

In spite of not existing alterations in the enamel, this one comes off easily since it lacks
the support that confers the healthy dentine to him, because it has lost the scalloped
one of the dentinoenamel joint and the dentine is softer, producing attrition of very fast
progression which has led to call this alteration, "teeth without a crown."
Morphologically we see the premolars and molars with a bulbous shape, with
constriction at the cervical level giving a bell-shaped shape to the pieces and their
roots are usually short, thin and translucent.

Radiographically, there is a greater radiolucent of the dentin due to its higher organic
and water content. There is also a reduction of the pulp chambers to points where they
are not visible, making it difficult to treat the ducts of these pieces, being also the roots
of these, short and thin or bulb-shaped.

Wiktop classifies the clinical forms into two types: dentinogenesis imperfecta, which
refers to processes associated with osteogenesis imperfecta, and another that
qualifies as hereditary opalescent teeth without genetic association to osteogenesis
imperfecta. The classification we will use is that of Shield, which classifies
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dentinogenesis imperfecta into 3 types: type | associated with osteogenesis
imperfecta, type Il, and type Il in Brandywine, Maryland.

A) Type | dentinogenesis imperfecta.

It is considered another manifestation of osteogenesis imperfecta. Altered genes have
been identified and are related to the synthesis of type | collagen (COL1A1 and
COL1A2) and may follow a dominant or recessive hereditary pattern.

There is considerable variability in affectation, due to phenotypic variants of the same
gene. All teeth can be affected or only some of them, and there may be different
degrees of involvement in different members of the same family. Currently, some
authors tend to call this entity osteogenesis imperfecta with opalescent teeth, referring
to dentinogenesis imperfecta for only dental involvement (type II).

B) Type Il dentinogenesis imperfecta.

There is only dental involvement and it is due to a mutation in the DSPP gene (or
dentinal sialophosphoprotein. DSPP gene provides instructions for synthesising this
protein). It is transmitted by autosomal dominant inheritance, has an incidence of
approximately 1 / 8,000 and is one of the most typical and clear cases of autosomal
dominant inheritance, with a penetrance of almost 100%, although with a variable
expressiveness.

The clinical, histological and radiographic aspects are the same as in type |; the
differences lie in:
- There are no bone or other alterations such as those present in osteogenesis
imperfecta.
- There is less variability in the affectation within the same family so that there
are similar degrees of colouration, severity and wear.
- Both dentitions are affected with equal intensity.

C) Type lll dentinogenesis imperfecta

It is a severe and uncommon form characterized by both opalescent dentitions with
marked dentine attrition, large pulp chambers, multiple pulpal exposures, and a
characteristic radiographic appearance in the shell of the teeth (shell teeth).

1.2.3 Dental dysplasia

It is an alteration in the development of hereditary transmission dentine with an
autosomal dominant pattern, which affects the dentine in isolation. It has a very rare

presentation (1 / 100,000) and affects both dentitions, but more severely to the
temporary.
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A) Type | or Radical Dental Dysplasia

The crowns are of normal colour, size and shape in both dentitions. They are called
rootless teeth because the roots are very short, which results in excessive tooth
mobility, malpositioned teeth, and premature tooth loss. Pulp chambers in the
permanents are often obliterated by masses of tubular dentin in a horizontally stratified
manner. So, the remains of pulp tissue are radiographically observed as horizontal or
crescent-shaped radiolucent areas, giving them an appearance called "cascade". This
obliteration occurs very prematurely, even before the eruption occurs. Periapical
radiolucent lesions or areas are common in caries-free teeth.

B) Type Il or Coronal dentinal dysplasia

There are clinical differences between temporary and permanent dentition. The
temporary teeth are the same as those of dentinogenesis imperfecta: very susceptible
to attrition, opalescent, with bulbous crowns and with obliterated pulp chambers with
abnormal dentine.

Permanent teeth, on the other hand, have a normal colour and also normal pulp
chambers, even enlarged, due to the root extension of the pulp chamber. Unlike type
I, the length of the roots is normal.

Histopathology is typical of dentine abnormalities: alterations in the tubular pattern,
non-tubular areas and interglobular dentine alternating with areas of healthy dentine.

1.2.4 Alterations in the development of dentine associated with syndromes

A) Ehlers-Danlos syndrome: it presents with dentinal alterations and obliterated pulps.
B) Goldblatt syndrome or spondylometaphyseal dysplasia: The temporary teeth look
like a dentinogenesis imperfecta type |, while the permanent dentition is completely

normal.

C) Schimke's syndrome or immuno-osseous dysplasia: It presents a yellowish-grey
alteration, bulbous crowns and obliteration of the dental pulp.

1.3 Anomalies in the development of cement.

Cement is an avascular connective tissue with a much lower level of cell differentiation
than enamel and dentine, making it less susceptible to developmental failures.
Anomalies that affect only cement without other dental structures being involved are
rare.

1.3.1 Classification

1.3.1.1 According to its histopathology

A) Cement hypoplasia. Deposition of cellular cement on the acellular occurs and is
associated with cleidocranial dysostosis.
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B) Aplasia of the cement. There is an absence of cement with premature loss
of temporary incisors and alveolar bone in the anterior region. The teeth have
large pulp chambers and are associated with hypophosphatasia

1.3.1.2 According to its aetiology
A) Genetics

a) Hereditary multiple cementosis. The presence of radiopaque diffuse masses in the
periapical area is observed radiographically. It runs asymptomatically.
Histopathologically, it is a dense, acellular and highly calcified cement, with little
vascularization. Transmission is autosomal dominant and its incidence is very rare.

b) Cleidocranial dysostosis. It is an autosomal dominant inherited disease that occurs
with clavicle aplasia and a large development of the transverse diameter of the skull
with delayed ossification of the fontanelles. It is often associated with the presence of
supernumerary teeth and disorders of tooth eruption or retention. There seems to be
an absence of cell cement in both dentitions, the lack of eruption could be due to the
absence of junction between the dental follicle and the oral mucosa. In addition, the
fibrous connective tissue is formed between the follicle and the mucosa that act as a
barrier to the rash.

¢) Hypophosphatasia. It is a congenital metabolic disorder that is inherited in an
autosomal recessive manner. There are low concentrations of alkaline phosphatase in
the blood, accompanied by skeletal abnormalities because the bone is not mineralized
properly, there are osteoporosis and bone fragility. At the dental level, there is a
premature loss of the primary teeth because cement is not formed properly. The lower
incisors are especially affected. Teeth acquire mobility with minimal trauma.
Sometimes tooth loss is the first sign of the disease. There are other associated
dentinal abnormalities, along with a reduction in the thickness of the cement there is a
reduction in the thickness of the dentine. The teeth have large pulp chambers and wide
root canals.

B) Environmental

a) Concretion. It is the union of two teeth by the cement at the level of the roots, without
a union of the dentine. The tooth retains its normal morphology.

b) Hypercementosis. It consists of the excessive formation of root cement as a
physiological reaction to various aggressions: infectious, inflammatory or traumatic.
The consequences of hypercementosis are of two types, on the one hand, there may
be a delay in root resorption eruption or ankylosis with the underlying bone, and on the
other hand, a deformation of the root may occur.
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c) Paget's disease. It consists of an increase in the volume of the bones, which show
a greater radiolucency with a cottony appearance. In Paget's disease, a special type
of hypercementosis occurs which is limited to the apical third of the root.

1.4 Anomalies in the development of enamel and dentine.

During the formation of the tooth, there is an interaction and a union between the
different components of the enamel and the dentine that can lead to alterations that
affect both tissues. The most representative entity is odontodysplasia.

1.4.1 Odontodysplasia

Odontodysplasia is a developmental disorder that affects a certain group of teeth and
without a genetic cause, affects one or more teeth within the same dental quadrant,
hence the name regional odontodysplasia, although some authors also call it
odontogenesis imperfecta. The cause of this alteration is not known, although it is
believed that it is due to problems of vascular origin, which would explain the limited
nature of these alterations. It can affect only the permanent or both dentitions and is a
disease with a very low incidence.

1.4.1.1 Histopathology

The alterations are the typical ones observed in alterations of the development of the
dentine, alterations in the calcification, interglobular dentine, anomalous tubular
patterns with irregular passages, non-tubular zones, etc. The enamel is also affected
and areas of hypoplasia and hypocalcification may appear.

1.4.1.2 Clinical manifestations

It is usually accompanied by eruptive disorders, which should alert us, as it can be the
first sign of this disease. The crowns are small with altered shapes and have
discolourations. The enamel and dentine are very fine and poorly mineralized. The
pulp chambers are enlarged and the roots are short and with little definition, which
radiographically gives the tooth a very radiolucent appearance, being called by this
image “ghost tooth”. Of course, enamel fractures are very common and are very prone
to caries, sometimes with periapical complications even in the absence of deep caries.

1.5 Anomalies in the development of dentine and cement.

1.5.1 Rhizomelia
Trauma or infection in a temporary tooth that affects the permanent developing.

1.6 Anomalies in the development of enamel, dentine and cement.

In addition to the environmental causes of tetracyclines in all mineral dental tissues,
there are other genetic entities that may also affect this triad of dental tissues.
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1.6.1 Inherited epidermolysis bullosa

It runs with fine enamel and a superficial spotting, simulating an amelogenesis
imperfecta and sometimes existing root folds.

1.6.2 Congenital ichthyosis
The entity that runs at the oral level with dilaceration and resorptions. Hyperkeratosis

is observed in several areas of the oral cavity, deformations of the maxilla and
mandible and alterations in the position of the teeth.
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2

ANOMALIES
OF DENTAL MORPHODIFFERENTIATION

2.1 Number anomalies.

2.2 Size anomalies.

2.3 Shape anomalies.

2.4 Anomalies due to union.

36



Introduction

Morphogenesis, or morphodifferentiation, is the phase in which the formation
processes occur that will give rise to the crown of the tooth and later to the root. Any
anomaly in this process will give rise to alterations in the size, number or shape of the
teeth.

To classify the anomalies in dental morphodifferentiation we can rely on the
embryological origin of each entity or the clinic depending on the final shape of the
tooth. This is more useful and simpler although in many cases the embryological origin
will help us understand the anatomical consequences.

2.1 Number anomalies.

They occur in the dental lamina stage before dental germs form. By default, they are
called agenesis and by excess hypergenesis.

2.1.1 Isolated agenesis or hypodontia

In isolated agenesis or hypodontia, there is an absence of one or more teeth (up to 5).
The prevalence of isolated agenesis is common and is around 20% of the population.
Within each dental group, agenesis is more likely to occur in the most distal tooth. The
agenesis of the upper lateral incisors is the most frequent one, followed by second
premolars and chordals. According to Dahlberg's theory, there is an evolutionary
tendency to reduce the dental formula at the expense of the loss of the most distal
tooth of each group.

The genetic pattern of appearance is very marked and its expression is variable, so it
is common to find hypodontia, microdontia or conoid teeth in different individuals in the
same family.

2.1.2 Oligodontia

This term refers to a dental reduction of 6 teeth or more. It can be sectorial (grouped
absences in the same quadrant) or scattered (absences in several quadrants). They
can also appear in any dental group, although it does not usually affect the first teeth
of each group because they are phylogenetically more stable teeth.

2.1.2.1 Aetiology

- Localised: due to an affectation of a certain area of the dental lamina preventing its
development, it can be due to trauma, vascular alteration, lack of space ...

- Systemic: there is a general affection during pregnancy coinciding with the
developmental stage of dental germs. Among the causes we can find infections,
poisoning, radiation ...

- Genetics: linked to general syndromes. They are usually associated with alterations
in the shape and size of the teeth. They are the most common.
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2.1.3 Anodontia

The total absence of teeth is very rare, as the agenesis of the first teeth of each series
is very rare given its high phylogenetic stability. Anodontia is associated with anhidrotic
ectodermal dysplasia (AED), a disease that affects all tissues derived from the
ectoderm.

2.1.4 Hypergenesis

Hypergenesis is relatively common, as its frequency is between 0.5% and 3% and is
due to the presence of teeth that exceed the usual number that corresponds to each
dentition, 20 in the temporary and 32 in the permanent one. These extra teeth are also
called supernumeraries. Given the hereditary nature of anomalies in the number and
variability in gene expression, it is possible to find in the same individual agenesis in
one dental group and hypergenesis in another. This condition would not produce
variation in the total number of teeth, for this reason the alterations in the number of
teeth must be evaluated by dental groups. They are more common in permanent
maxillary teeth, especially in the midline and distal to the third molar.

2.1.4.1 Aetiology

Its origin is generally hereditary, although it has also been associated with atavistic or
ancestral causes, that is, it comes from remote ancestors and was latent in immediate
generations.

When a supernumerary tooth appears, it is usually a single one. But, when several
ones appear, it is because its aetiology is associated with syndromes such as
cleidocranial dysplasia or Gardner syndrome. It can even appear associated with
disorders in the development of the dental lamina, in which case the patient has other
oral pathologies, such as cleft lip or cleft palate.

2.1.4.2 Clinical manifestations

The clinical importance of supernumerary teeth is due to the fact that the increase in
the number of teeth generates a lack of space in the arch. This clinically produces
eruptive alterations, malpositions, diastemas, crowding or reabsorption of contiguous
teeth.

By its form we can distinguish clinically two types. The supplementary ones, that have
the shape of a normal tooth, generally of the contiguous one. And the accessories
have abnormal shapes like cone shape, pin shape...

Depending on their location, the supernumerary teeth give in some cases a specific
clinic that receives its own name, among which we highlight:

A) Mesiodens. It is located between the central maxillary incisors, at the level of the
midline. It is usually an accessory tooth (although there may be several) with a conical
shape that causes alterations in the rash, diastemas or malpositions, and may even
be retained or move inside the nose (nasal tooth).
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B) Peridens. Teeth with normal or abnormal morphology that appear generally by the
facial surface of the mandibular premolars.

C) Paramolar. It appears more frequently among the definitive molars positioned by
both the facial and lingual surfaces. In some cases, it may appear fused to one of the
molars generating the so-called paramolar tuber.

D) Distomolar. It appears distal to the third molar; it is usually a random radiological
finding.

2.1.4.3 Treatment

We can find two different situations, in case they hinder the eruption of other teeth,
their correct position or are misaligned in the arch, which can cause occlusal alterations
or hinder hygiene. In these situations, the treatment would be an exodontia. If, on the
other hand, the supernumerary teeth are well aligned in the arch, we can leave them
or carry out an aesthetic treatment to adapt their shape to their position in the arch.

2.2 Size anomalies.

After the development of the dental lamina, the dental germs begin to develop
individually, the alterations that have occurred in this phase can lead to alterations in
the size of the resulting teeth, either by excess (macrodontia) or by default
(microdontia). Both macrodontia and microdontia are difficult alterations to establish
by comparing the size of the teeth between individuals, as there is great variation from
each other, so the relationship between the size of the teeth and the maxilla that
contains them must be established isolated for each individual.

The widespread discrepancy in size between the teeth and the maxilla or mandible
that house them can be due to three reasons:

- Physiological cause, since the size of the teeth is determined by genes
different from those that determine the size of the maxilla and mandible and
are therefore transmitted differently. So, the phenotypic expression of these
genes can give an incongruous result without that this is due to an alteration
during development.

- Skeletal cause. Teeth are normal, but they are in a maxilla or mandible with
an alteration in their development, either of hyperplastic type or of hypoplastic

type.

- Dental cause. In this case the size of the maxilla and mandible is normal, and
it is the teeth that show an alteration in size. In this case, the alteration of the
size of the teeth is associated with other developmental syndromes with
systemic manifestations.
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2.2.1 Microdontia

We call microdontia to the clinical situation in which the patient has a reduction in the
size of the teeth resulting in the presence of diastemas. This can be of several types:

A) Relative microdontia. Teeth of normal size in the maxilla or hyperplastic jaw.

B) True or absolute microdontia. Small teeth in normal maxilla and mandible.
Depending on the number of teeth affected, true microdontia can be of two types:

- Total or generalised. Affects all teeth and is very rare. It is associated with
developmental disorders such as hemifacial microsomia or syndromes such as
pituitary dwarfism and in some cases Down Syndrome.

- Partial or local. Affects a tooth or group of teeth. It is more common than the
true one and is associated with an autosomal dominant hereditary origin. Due
to the variability in the phenotypic expression of these genes it may be
accompanied by alterations in shape, especially in maxillary lateral incisors that
usually take on a conoid shape. We can even find in the same individual
microdontia on one side and agenesis on the other.

The most frequently affected teeth by microdontia are also the last of each series. In
order of frequency they would be lateral incisors, third molars and premolars.

The treatment of microdontia has the aesthetic and functional purpose of giving the
tooth the right size, this increase in size can be done using composite resins or
ceramics.

2.2.2 Macrodontia

We call macrodontia the clinical situation in which the patient has an increase in the
size of the teeth resulting in the presence of crowding, malpositions or eruptive
alterations. Macrodontia can be of several types:

A) Relative macrodontia. Teeth of normal size in the maxilla or hypoplastic jaw.

B) True or absolute macrodontia. Teeth of greater reduction in normal maxilla and
mandible. Depending on the number of teeth affected, true macrodontia can be of two
types:

- Total, generalised or macrodontism. Affects all teeth and is associated with
developmental disorders such as hemihypertrophy or syndromes such as
pituitary gigantism.

- Partial or local. Affects a tooth or group of teeth, are uncommon and can
be confused with dental fusion or twinning.

Treatment of macrodontia may require exodontia and / or orthodontics to correct
crowding and malpositions.
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2.3 Shape anomalies

The anatomical characteristics of the teeth are not the same in all humans. There are
variations that are associated with certain races or ethnic groups being normal among
the individuals that make it up. However, outside that group can be considered an
anomaly of shape. Shape abnormalities can affect the tooth as a whole or in isolation
from the root or the crown.

2.3.1 Abnormalities of the complete dental shape (affect the crown and the root)
2.3.1.1 Conoid teeth (also “peg laterals”)

Both the root and the crown have a conical shape, the tooth as a whole has the
appearance of two cones joined at the base at the level of the amelo-cement line. It is
a very common alteration that usually affects the upper lateral incisors and is usually
bilateral, although it can also occur unilaterally or in association with other alterations
such as agenesis, microdontia...

The conical anatomy of the crown generates diastemas and aesthetic problems, which
are easily solved by giving the tooth the anatomy that corresponds to it according to
its position in the arch by means of composite resins or total or partial ceramic coating.

2.3.1.2 Taurodontism

In this case the teeth resemble bovine molars. It affects premolars and molars and is
characterised by having large pulp chambers, elongated in the corono-radicular
direction. Clinically, the crown is normal, so the finding is usually accidental, so
radiographically we find a large pulp chamber with short roots and a spaced furcation
from the cementoenamel junction in the apical direction.

Taurodontic teeth are common in the paleontological findings of primitive men and in
some breeds such as the Eskimos. It is less common in modern men, where the
frequency does not reach 1% of the population.

It can be associated with ectodermal hypoplasia syndromes, X chromosome
aneuploidies, size changes, shape changes...

2.3.1.3 Invaginated tooth or “dens in dente”

It occurs because during the process of tooth formation the layers of ectodermal cells
of the enamel organ instead of expanding outwards, undergo a folding inward of the
dental papilla, resulting in a tooth whose tissues give the feeling of being invaginated
or folded inwards. Radiographically the image is of one tooth inside another. It can be
unilateral or bilateral and is more common in definitive maxillary lateral incisors (60%
of cases, with an incidence of between 3% and 10%) and sometimes appears in
supernumeraries, being rare to find in the jaw and in temporary teeth.

Depending on the depth of the invagination, the involvement can be only of the crown
or also affect the root. It is divided into three types:
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- Type 1. Affects only the crown of the tooth, with or without pulpal involvement.

- Type 2. Invagination exceeds the cementoenamel junction without reaching
the periodontal ligament.

- Type 3. The invagination exceeds the cementoenamel junction reaching the
periodontal ligament, generating a communication between the surface of the
tooth and the periodontal ligament that can compromise its stability.

The treatment consists of sealing the entrance to the invagination as soon as possible,
since if a caries with pulpal involvement occurs, the presence of enamel inside the
crown would make it difficult to treat the ducts.

2.3.1.4 Crown-root syndesmo or palato-radicular groove (PRG).

The tooth has a folding of its outer wall, usually in the lingual surface of the upper
lateral incisors, resulting in a cleft in the surface that extends apically and generates a
periodontal defect that usually requires the exodontia of the tooth. If the cleft is very
deep in the direction of the tooth axis, it can communicate with dentin or pulp,
generating an untreatable pulpal pathology.

2.3.2 Anomalies of the crown shape
2.3.2.1 Accessory cusps

They are supernumerary cusps in the crown and can affect any tooth on any surface.
It can lead to aesthetic problems difficult to treat as they cannot be removed because
being cusps, there can be a pulpal horn inside. Its existence also generates an
increase in the susceptibility to tooth decay that presents it, since between the
accessory cusp and the surface of the tooth a deep groove is generated.

The accessory cusps may be alterations in the shape or anatomical characteristics of
the breed, depending on how we establish the comparison. In Caucasians it is
common to find an accessory cusp in the mesiopalatal area of the first upper molar
(cusp of Carabelli), while in Mongols we can find a similar buccal or facial cusp (Bolk's
cusp).

2.3.2.2 Evaginated tooth (dens evaginatus)

It is a very rare type of accessory cusp that is produced by the elevation of the enamel
in the central groove or by lingual of the facial cusp of permanent molars and
premolars.

It is caused by a hyperplasia of the pulpal mesenchyme that generates an elevation of
the enamel epithelium, so its interior contains pulpal tissue as well as an accessory
cusp, and like these can increase the susceptibility of caries and cause aesthetic
problems. The fact that they appear in the central groove can cause an alteration of
the occlusion that is not easy to solve, since if we cut the evaginated tooth we can
make a pulpal exposure. So, in case of an occlusal problem it is better to make an
occlusal adjustment via selective cutting.
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2.3.2.3 Hutchinson’s tooth and mulberry molar.

Clinically, they are alterations in the enamel that are a result of the histodifferentiation
phase, as described in the previous chapter.

2.3.2.4 Crown anomalies in incisors.

They are anomalies in the shape of the crown of the incisors due to a change in the
ratio of their mesio-distal width, given that it is normal for the incisors to have the mesial
and distal walls diverging towards the incisal surface. The anomalies can be:

- Piano key teeth. The mesial and distal walls are parallel, resulting in a
rectangular tooth.

- Screwdriver-shape tooth. The mesial and distal walls are convergent towards
the incisal surface

- Oval tooth. The mesial and distal walls are curved, the crown has its maximum
contour in the middle third area.

- Shovel-shape tooth. From the buccal surface a normal crown is observed, but
the lingual surface has an increase of concavity due to an increase in the size
of the marginal ridges.

2.3.3 Anomalies in root shape.

It is difficult to establish anomalies in the root’s anatomy due to the great variability
that we can find both in shape and number within normality.

2.3.3.1 Enamel pearls or enamel nodules.

They are deposits of rounded enamel attached to the root cement. They are usually
formed only by enamel, although they may contain inside dentin and pulp tissue that
extends from the dentin and root pulp.

2.3.3.2 Enamel spurs

They are extensions of the coronal enamel with a triangular shape that exceed the
cementoenamel junction at the level of the furcation, especially in mandibular molars
by the buccal surface. They can cause periodontal disease in the area of the furcation
because they can prevent the correct sealing of the soft tissues at the level where the
spur is located.

2.3.3.3 Supernumerary roots

A tooth has supernumerary roots when due to a hyperactivity of the sheath of Hertwig
has more roots than those corresponding to its dental group. These can be normal or
hook-shaped. Depending on the affected tooth we can find:

- In mandibular incisors, one facial root and another lingual one.
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- In canines, a mesial root and a distal root in temporary teeth and a buccal and
a lingual root in permanent teeth.

- In upper premolars, two buccal roots and another lingual one.

- In lower premolars, one mesial root and one distal (20% of cases of Turner
Syndrome).

- In lower molars, hook-shaped roots by lingual or buccal of the mesial or distal
root and great variability of the number of roots in the chordals.

2.3.3.4 Reduction of the number of roots

It is due to a fusion of the roots giving the appearance of a single pyramidal root. It
usually affects the second and third upper molars and may have a single pulpal duct.

2.3.3.5 Excessive angles

They have their origin during the process of root formation due to interferences in the
correct development of the Hertwig sheath, which due to a mechanical obstacle, lack
of space or a trauma changes its direction of development.

- Dilaceration itself is an excessive angulation of the root with respect to the
crown, so it can be considered a total shape anomaly.

- Root bending is a pronounced angulation of the root in any area. Generally,
and physiologically all teeth have the roots slightly curved distally, we only
consider that there is root bending when this angle is excessive.

- Bayonet root form is a double root bend, i.e. the root has two bends with
different directions.

2.4 Anomalies due to union
2.4.1 Fused teeth

It occurs when two tooth germs are joined. It is usually by the dentine, totally (crown
and root) or partially (crown or root) depending on when the joint occurs. The less
complete the joint the more advanced the process of development is at the time it
occurs. It is more common in anterior temporary teeth, with unilateral or bilateral
involvement, and can occur with supernumerary teeth.

The aetiology is not clear. It can be both due to hereditary factors and be the result of
a lack of space for the development of dental germs that ends up forcing their union.

2.4.2 Gemination

It occurs when a tooth germ splits in two, partially or completely. If the division is
complete it is called twinning because it gives rise to another identical supernumerary
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tooth, it would therefore be an alteration in the number. If the division is incomplete,
we would have two crowns and a single root.

2.4.3 Concrescence

The roots of two teeth are joined by the cement. It is common between the second and
third molar or even between a normal tooth and a supernumerary one because these
are cases where the roots have less room for development. Clinical crowns are normal,
so the diagnosis is radiological, as there is no periodontal ligament or bone tissue
between the roots. This way, to perform the exodontia of one of the teeth we must first
separate it by odontosection.

2.4.3.1 True concrescence

It takes place during the root formation phase. The lack of space between the roots of
different teeth causes them to fuse during their development.

2.4.3.2 Acquired concrescence

It takes place in roots formed between which the interradicular bone disappears and
cement is formed in the repair process that joins the roots. There are frequent cases
of acquired concretion in diseases that present with hypercementosis, infections or
Paget's disease.

2.4.4 Coalescence

The roots of two different teeth are joined by dense bone or fibrous tissue. Possibly
due to trauma, an infectious process, or lack of space. Radiographically no periodontal
ligament or interradicular bone is observed.
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3

DENTAL
DISCOLOURATIONS

3.1. Deposits
3.2. Stain
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Introduction

The natural colour of the teeth can be altered by deposits or stains. The deposits
are originated extrinsically by substances that are deposited on the teeth, while the
stains have an intrinsic origin and they are due to alterations that can occur either
during the formation of the dental tissues or later and they produce changes in
colour. The deposits, being of external origin, can be cleaned with cleaning systems,
such as brushing or ultrasounds, while staining requires more complicated
treatments, such as bleaching. Most of the time, stains only cause aesthetic

problems and dental health is not compromised.

3.1 Deposits (extrinsic tooth discolouration or extrinsic stains)

The surface of the teeth can be affected by deposits of different kinds, which
can come from food debris, bacteria, saliva, exogenous habits, products of
serum origin or even the bacteria that settle on the teeth (cause of the most

frequent human diseases: tooth decay and gingivitis).

Deposits on the teeth can vary between individuals as they depend on the oral

environment and this is conditioned by the following elements:

- Saliva. Composed mainly of water. It also has organic and inorganic
components. Itis slightly alkaline (normal pH between 5.6 and 7.9 according
to the International Journal of Drug Testing) but on an empty stomach it
tends to be more acid.

- Mucin. Mixture of proteins and polysaccharides that play an important role in
the formation of plaque.

- Germs. The oral flora is extremely varied and it is in biological balance
thanks to the individual's own defenses.

- Epithelial cells. From the buccal and gingival epithelium.

- Degenerate elements. Leukocytes, red blood cells and food debris.

- Self-cleaning. Produced by the action of chewing, the tongue, cheeks, lips
and saliva, which remove a large part of the deposits due to friction and the
sweeping effect they have on dental surfaces. The oral flora also plays an
important role in self-cleaning with the production of enzymes that are able
to dissolve deposits in a short period of time.
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3.1.1 Dental plaque

Dental plaque is the biofilm on the surface of the tooth. It is a microbial ecosystem
formed by bacteria adhered to the substrate or interface that can be alive or lifeless.
The bacteria are enclosed in the adhesive and protective extracellular matrix of
polymers that they themselves have produced. Bacteria show a different phenotype
from planktonic cells also having different requirements and organizations and
making necessary for them to synchronize.

Dental plaque can be removed from the tooth surface by mechanical and/or chemical
control procedures.

The mechanical control would be the sweeping of the dental surface with manual
brushing, interproximal hygiene devices, electric brushes, etc.

Chemical control can be carried out using products that have some action on the
bacteria, but since bacteria in a biofilm are more resistant to antimicrobial products
than planktonic bacteria, mechanical removal is more effective than the use of
antimicrobial agents.

3.1.2 Materia Alba

It is a whitish, sometimes yellowish deposit composed of bacteria, cellular debris,
leukocytes and mucin on the tooth surface with a soft, sticky consistency and less
adhesive than dental plaque, from which it differs due to the lack of internal
architecture. It is normally arranged in the contact areas of the gum and the tooth
(gingival thirds and interproximal areas) where self-cleaning is more difficult. It is

also visible on fillings, calculus, gums and dental prostheses.

It occurs by sedimentation of saliva in periods of chewing rest and by salivary
chemical alterations and it is sometimes responsible for halitosis. It is easily
removed with the water spray from the dental chair due to its lack of adhesion, but

its complete removal must be carried out by mechanical means.

3.1.3 Calculus

Adherent deposit that forms on the teeth surface, dental restorations and dental
prostheses and that comes from the calcification of dental plaque. Dental plaque
does not always become mineralized but when it does, mineralization begins in the
first hours after its formation and it can become fully mineralized in about 2 weeks.
Depending on its location the calculus is classified into supragingival and

subgingival.
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3.1.3.1 Supragingival calculus

It is visible and whitish in colour although sometimes it appears stained by
deposits of another type. It has a hard consistency and it is firmly adhered to the
dental surfaces. When there are bulky deposits, they can be easily detached with
the use of cleaning instruments and some fragments can even come off

spontaneously.

The mineral salts that form the calculus come from the saliva. This is the reason why
calculus generally appears on the lingual aspect of the lower anterior teeth due to the
proximity of the Wharton canal and on the buccal aspects of the upper molars due to
the proximity of the Stenon canal. It also accumulates in areas free of self-cleaning
such as dental malposition, antagonist teeth to a painful process that prevents
chewing for a long period of time and even in the grooves of the occlusal surfaces in

molars.

It is closely related to saliva and appears from an early age in children with poor
oral hygiene, although it tends to appear from adolescence, affecting 86% of the

population at the age of 40.

3.1.3.2 Subgingival calculus

It is located below the gingival margin, so it is not well observed with a simple visual
inspection. A good periodontal examination is required to locate it. It is very hard,

stony in consistency, dark, brown or blackish in colour and it is very adherent.

The mineral salts that form the subgingival calculus come from the serum fluid of the
gingival crevicular fluid, so it can be found in all teeth and it is not related to the

position of the draining canals of the salivary glands.

3.1.4 Dental pigmentations

They are coloured deposits on the acquired pellicle with no difference in their
appearance with respect to sex. Its frequency increases in irregularities of the dental
surface, such as grooves and depressions and it is influenced by the thickness of
the acquired pellicle. Its origin is extrinsic, and its aetiology depends on the agent

that gives the colouring.

3.1.4.1 Pigmentations caused by bacteria

- Black pigmentation. It appears as a black line, about 1 mm wide, located in
the gingival third of the buccal and lingual surfaces of the teeth. Next to the
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interproximal spaces this black line is broader and it can look like a stain. It
is not related to the patient's hygiene so it also appears in individuals with
good oral hygiene. This pigmentation is due to the activity of certain
chromogenic bacteria (pigment producing Actinomycetes and Bacteroides)
that decompose ferrous salts from food producing ferrous oxide on contact
with the water in saliva. It is adherent and normal brushing does not remove
it, requiring the use of cleaning cups and abrasive paste for its removal.

- Green pigmentation. It appears from the gingival margin to the middle of
the tooth surface, especially in children and young people due to the action
of fluorescent bacteria and fungi. The cause is a pigment called phenazine
which is produced by bacteria and fungi, although there are authors who
defend that this is a pigmentation from haemoglobin that comes from
bleeding gums. It is frequently related to children with poor oral hygiene and
due to lack of brushing it can increase in size and thickness. It usually
disappears at puberty due to changes in the flora of the bacterial plaque. Its
removal is easy with cleaning cups or brushes and abrasive paste.

- Orange pigmentation. It appears as small irregular orange spots or stains
on the buccal surfaces of the anterior teeth on the gingival third. It can be
found affecting only one tooth. They are bacterial colonies formed on the
dental plaque so they simply disappear with brushing.

3.1.4.2 Pigmentation due to consumption of coloured substances

-Pigmentation caused by habits. The repeated intake of some foods or certain
habits deposit substances on the teeth surfaces, as it occurs with coffee,
tobacco, tea or marijuana for example. The substances are retained in places
where there is no self-cleaning. That is why they are more evident in
interproximal areas and on the buccal surfaces of retruded or rotated teeth. To
eliminate these pigments, it is usually necessary to use ultrasounds since the
substances are quite adherent.

-Metal pigmentation. It is closely related to certain professions and it is
generally due to the inhalation of metal salts in industry. This metallic dust binds
to the acquired pellicle and it generates greenish (lead, nickel), brown

(iron) or black (silver, manganese) pigmentation. To remove it, you

must have a strict brushing regime because these deposits can penetrate
through the enamel and they can produce permanent discolorations.

- latrogenic pigmentation. They are those that health professionals produce
when prescribing some type of medication to treat a pathological process
and that are caused as an unwanted collateral effect. Chlorhexidine
generates greyish-brown spots. Medications for anaemias and vitamin
complexes cause black deposits. Fluoride mouthwashes can also cause
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coloured deposits. They are removed with hygiene cups or brushes and
abrasive paste.

3.2 Stains (Intrinsic tooth discolouration or intrinsic stains)

They are of intrinsic origin since they occur inside the dental tissue affecting the
dentine and/or the enamel. Being intrinsic, they cannot be removed by brushing,
ultrasound or abrasive pastes since they are not adherent to the tooth surface.

Staining of these structures can occur during the formation and development of
teeth or when they are already formed.

3.2.1 Fluoride stains

Fluorosis occurs as a consequence of an excessive intake of fluoride during the
period of development and calcification of the dental enamel, that is, from the sixth
month of gestation to 8 years of age.

The fluoride can come from the water daily intake or from the fluorides used in caries
prophylaxis. The degree of affectation is related to the concentration of absorbed
fluoride. From 1 ppm, it can cause fluorosis.

It affects the permanent dentition more than the temporary one because the greater
mineralization of the temporary teeth occurs during the gestation and the placental
barrier plays an important role.

To assess the severity of fluorosis, Dean's criteria are applied, which quantify it as
follows:

- Normal enamel: enamel shows normal translucency, the surface is
smooth and shiny and, generally, it is pale cream coloured.

- Questionable: small aberrations in the translucency of normal enamel that
can range from a few whitish shades to white spots of 1 or 2 mm in diameter.

- Very mild: irregular opaque white areas on the buccal surface of the tooth
(<25% of the tooth surface).

- Mild: opaque areas affecting half of the tooth surface, with a marked occlusal
attrition.

- Moderate: there are no changes in the shape of the teeth and in general
all the tooth surfaces are affected, showing marked wear on the surfaces
subject to attrition.

- Severe: hypoplasia is so severe that the shape of the teeth may be
affected, forming large irregular hypoplastic areas.
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The severity of fluorosis is influenced by the age at which it begins and the duration
and the termination of enamel mineralization. The hypoplastic manifestation of the

enamel will be more severe the later the tooth erupts.

3.2.2 Tetracycline staining

The mechanism of action corresponds to the chelating power of tetracycline on
calcium, forming tetracycline orthophosphate, initially colourless, but which under
the action of ultraviolet radiation darkens the teeth. This justifies that the anterior
teeth present more discoloration than the posterior ones. The intensity of the lesions
is consistent with the amount ingested, the repetition of the treatments and the age
at which the antibiotic treatment occurred.

According to Jordan, 4 degrees are distinguished:

- Grade |: minimal involvement, simply a yellowish-brown or greyish
colouration is seen on the entire tooth surface.

- Grade Il: no bands but with a coloration similar to the previous one but more
intense.

- Grade llI: horizontal bands appear, especially in the gingival third, dark grey
or bluish in colour.

- Grade IV: the entire crown is affected with an intense blue or characteristic
black colour. It is located mainly in the dentine and responds with greater
intensity of fluorescence than the previous degrees to illumination by
ultraviolet light. This is a diagnostic test in this type of staining.

3.2.3 Staining of pulp origin

Pulpal necrosis and dental trauma with or without intrapulpal haemorrhage are
processes that involve dental staining. The frequency of those of traumatic origin is
higher in the anterior and superior group and especially in childhood. In most cases
only one tooth is affected.

Staining occurs as a consequence of the degradation of haemoglobin to hemosiderin,
when there is haemorrhage and the entry of these products into the interior of the
dentine tubules, or by products of protein degradation in pulp degenerations.

The coloration is more intense when there is bleeding and varies from brown, grey or
black. In both cases these products that are generated in the pulp chamber and
penetrate the dentine tubules causing this intrinsic staining that is difficult to remove.

3.2.4 latrogenic staining

They are produced by dental professionals while treating the teeth and they can occur
for different reasons:
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- Amalgam: it undergoes corrosion over time causing staining in the
dentine tubules, giving the tooth a greyish or blackish colouration that will
increase over time.

- Pulp remains: this happens when the dental pulp is not fully removed
when opening the pulp chamber to perform endodontic treatment. This
is very frequent in the upper incisors as the pulp horns are not included
in the opening.

- Root filling cements and gutta-percha remains: if they are not properly
removed from the pulp chamber when the tooth is to be filled. They also
cause gingival staining.

- Some drugs used in the past such as argentophenol and argentochrome also
produced stains.
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4

REACTIVE GROWTH
OF HARD DENTAL TISSUES

4.1. Reactive processes of the dentine-pulp complex.
4.2. Reactive cement processes.
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Introduction

The reactive processes of the dental hard tissues are defensive response
mechanisms of the tooth against chronic irritative stimuli, both physiological and
pathological, which result in the creation of new dental tissues by the cells they
contain. Enamel, being an acellular structure, lacks reactive capacity, so these

defensive processes will only appear in dentine and cementum.

Dentine and pulp form the dentine-pulp complex, which is why we consider them as
a unit.

4.1 Reactive processes of the dentine-pulp complex

They are mechanisms aiming to protect the pulp from chronic irritative stimuli. These
irritative stimuli activate the odontoblasts, producing a greater amount of dentine and
they can also stimulate other pulp cells producing a tissue similar to dentine.
Depending on the cells that are stimulated, one or another tissue will be created. There
are different factors that influence the type and amount of tissue that is formed in
response to these stimuli, the most important are:

- Stimulus intensity: usually they are mild or moderate stimuli.

- Periodicity of the irritating stimulus: they are always more or less chronic
stimuli that are repeated over time.

- Age of the tooth: defence tissues increase with age.

- State of the pulp: it must be vital.

- Aetiology of the stimulus: bacterial, chemical, traumatic, thermal, etc.
- Depth of the lesion: proximity to the pulp.

Depending on these factors, the dentine-pulp complex will generate sclerotic
dentine, tertiary dentine and/or osteoid tissue, and it can sometimes generate all

types of reactive tissue in different areas of the same tooth.

The pulp can also react by calcifying itself, forming pulp calcifications or it can
respond with inflammation, leading to pulp necrosis, especially if the stimulus is

acute and intense.
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4 1.1 Sclerotic dentine

It is formed as a defensive response of the dentine-pulp complex against chronic and
slow irritative stimuli. The odontoblasts, when irritated, accelerate the production of
dentine causing sclerosis or closure of the dentine tubules, resulting in
hypermineralized dentine, especially the peritubular dentine, with acid-resistant
mineral deposits inside the tubules that are partially or totally closed. This reduces
the permeability of the dentine and isolates the pulp from aggression, protecting its

vitality.
There are 2 types of sclerosis:

- Continuous formation of peritubular dentine. It is physiological. It occurs in
healthy teeth and increases with age.

- Intratubular calcification. It is pathological. It occurs against an aggression
such as tooth decay.

4.1.1.1 Aetiology
A) Physiological factors. Physiological sclerosis

Tubular sclerosis is physiological in elderly people and it is frequently found due to the
progressive aging of the population. It is produced by the normal aging of the tooth.
With age, the odontoblastic process regresses and retracts towards the pulp due to
the decrease in vascular supply due to fibrosis of the pulp tissue. At the same time,
the peritubular dentine matrix gets calcified and obliterates the space occupied by the
odontoblastic process, closing it from the outside in. It is peritubular sclerosis. Finally,
the lumen of the tubules disappears and they are blocked by that peritubular dentine
that takes on a very transparent appearance. Hydroxyapatite crystals in intertubular
dentine are smaller in size in the sclerotic dentine of the old tooth than in the healthy
dentine of the young tooth.

B) Pathological factors. Pathological sclerosis

It is an intratubular sclerosis due to the precipitation of mineral salts within the dentinal
tubules. It consists of intratubular mineralization combined with hypermineralization of
the peritubular dentine and greater resistance to demineralization of the intertubular
dentine. In order for this dentine to be produced, it is necessary for the odontoblast to
be alive, so it is only created against chronic stimuli of mild or moderate intensity and
in teeth with vital pulp. It is found in the translucent area under the caries, in the
exposed dentine of teeth with attrition, abrasion and in patients with bruxism. It may
be due to:
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- Traumatic agents, microtraumas that act repeatedly, continuously and for a
long time on the tooth. They may be:

o Premature contacts due to dental malposition, overhanging fillings,
etc.
o Frequent interposition of a foreign body (pen, pencil, pipes, etc.).

o Destructive processes such as erosion, attrition or abrasion.
o Bruxism.

- Infectious agents, caries is the most important, even in shallow caries
the response of the pulp is immediate. Sclerotic dentine usually appears
under slowly evolving caries.

- latrogenic agents, direct pulp coverings and cavity bases stimulate the
formation of sclerotic dentine.

4.1.1.2 Histopathology

Healthy dentine is opaque but sclerotic dentine is translucent and shiny, very similar
to amber. Areas of tubules that have not been filled with dentine can be seen and these
are called dead tracts. This seems to be due to the fact that before the odontoblast
extension fully retracts, the peritubular dentine closes the tubule above and below, and
inside remains of the degenerating odontoblastic process are trapped, leaving the
tubule empty. These tubules can allow caries a faster progression and allow the arrival
of chemical agents to the pulp.

In physiological sclerosis, sclerotic dentine deposition begins in the tubules on the
apical third of the root and ascends towards the crown, sometimes reaching the
middle. This gives the apex a characteristic translucent appearance that is used to
identify an old tooth.

In pathological sclerosis, only the tubules whose extensions are in the area of injury
are affected. In very advanced stages, all the tubules can be closed. The layer of
hypermineralized dentine is shaped like a cone with the base facing the lesion.

4 1.1.3 Clinical manifestations

We can find sclerotic dentine under a caries, a filling, etc.... or see it exposed on the
occlusal or cervical surfaces in cases of erosion, attrition, bruxism and also in the
apexes of old teeth extracted.

This sclerotic dentine should be maintained whenever possible as it is a protective
tissue. It has an appearance similar to amber, translucent or transparent orange or
brown. It is smooth, shiny and hard when trying to remove it with an excavator. It shows
increased radiopacity and it is impermeable to dyes so it is not stained by caries
detectors.

The degree of sensitivity is variable and depends on the number of tubules affected
and the degree of obturation of these. In exposed dentine the sensitivity is high but
when sclerotic dentine begins to form the sensitivity decreases until the tubules close
completely and becomes very insensitive to cold, heat, sweets, etc.
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4.1.2 Tertiary dentine (reactionary dentine)

It is a mineralized tissue similar to physiological sclerotic dentine but with different
histological characteristics. It appears to defend and protect the pulp from chronic
aggressions in an attempt to compensate for the lost dentine. Both odontoblasts and
other differentiated cells called odontoblast-like or odontoblastoid cells are able to form
tertiary dentine.

It is generally less permeable than physiological dentine. This is because the number
of tubules is usually smaller or non-existent and if there are, they are usually clogged
at its pulpal end by the newly formed tissue.

The shape of the tubules may vary, some are regular similar to normal dentine and
others are very irregular, twisted, with no communication with normal dentinal tubules
or newly formed ones.

The rate of deposition and structure of the dentine depends on the degree of injury,
intensity, and duration. The more severe the damage, the more irregular and scattered
the tissue formed and the faster the deposit. In the tertiary dentine, that is formed
rapidly, odontoblasts, other cells, vessels or elements of pulp tissue can be found and
it is called osteodentine. It also shows almost no interlaced tubules. The separation
between the physiological dentine and the formed tertiary dentine is called the
calciotraumatic line (CTL).

Some authors differentiate 2 types of tertiary dentine:

- Reactive dentine, produced by odontoblasts that survive external aggressions
of moderate intensity.

- Reparative dentine, produced by odontoblast-like cells that react to more
severe lesions that have destroyed odontoblasts.

Both reactive and reparative tertiary dentine are a way of defence, so any aggression
that exposes dentine or makes contact with it has the potential to stimulate its
formation. Some authors define a third type of tertiary dentine:

- Physiological tertiary dentine, which occurs throughout life but we prefer to
call this dentine, secondary dentine, because it is the one that creates the tooth
from the end of the formation of the root throughout its life, and tertiary dentine
the one formed due to an aggression to the pulp.

When an injury occurs, the odontoblastic extensions are exposed or sectioned and the
odontoblast usually degenerates and dies although some may remain alive and form
tertiary dentine. New cells are formed, the odontoblast-like or odontoblastoid cells,
below the odontoblast layer, in the subodontoblastic layer and in the cell-rich layer.
These cells have no intratubular extension and acquire a cuboidal or flattened
appearance, having no nervous control. Their activity is not stopped by dentinogenesis
and generates tertiary dentine continuously until the pulp is almost completely
obliterated.

Much has been speculated about the defensive or non-defensive role of this dentine
on the pulp. It can be deposited even if the pulp is irreversibly damaged or undergoes
a chronic inflammatory process.
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This dentine is less permeable but encompasses areas of necrotic tissue where it is
more permeable. It seems clear that it delays the entry of the harmful agent into the
pulp but the structure it will adopt cannot be predicted and the barrier may be
incomplete and not fully protective.

4.1.2.1 Aetiology

A) Traumatic agents
- Attrition, abrasion, erosion, bruxism.
- Crown-root fractures.

- latrogeny, preparations with poor refrigeration, direct and indirect pulp
coatings.

B) Infectious agents
- Caries: causes tertiary dentine at the pulp end of the affected tubules.
- Periodontal disease.
C) Dentine anomalies
- Dental dystrophies and dysplasias.
- Dentinogenesis imperfecta (Dl).

In the same tooth, some odontoblasts are irritated and produce sclerotic and/or tertiary
dentine, others are destroyed and replaced by odontoblastoid cells, that also generate
tertiary dentine, and others remain unaltered occupying the lumen of the dentinal
tubules.

4.1.2.2 Histopathology

Tertiary dentine can have a very varied structure, it has no phosphoproteins and it is
produced by cells directly involved with the stimulus. It has histological differences
according to the cells that generate it and the number of tubules present. Based on
that, the following histopathological classification can be established:

A) According to the cells that generates it

- Reactive dentine: produced by the odontoblasts that survive. It appears to
face external aggressions of moderate intensity and slow progression. It is a
more organized and more regular dentine with more tubules.

- Reparative dentine: produced by neodontoblasts (newly formed odontoblasts)
or odontoblast-like cells. It is a response to more intense external aggressions
that appear quickly. It is a more irregular, disorganized dentine with fewer
tubules than reactive tertiary dentine.

B) According to the number of tubules (These 3 types of dentine can be found in the
same tooth)

- Tubular dentine: with tubules

- Oligotubular dentine: few tubules
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- Non-tubular dentine: without tubules
4 1.2.3 Clinical manifestations

Tertiary dentine is usually located in the pulp area next to the lesion. It is more common
in the chamber walls at the level of the pulpal horns in molars and premolars and/or in
the root canals, deforming their contours.

Radiographically, it is possible to see it modifying the contour in a localized area, for
example:

- On the ceiling of the chamber, reducing its size. This is seen when the
occlusal face of the tooth is affected, as in bruxism.

- In the pulp horn underlying the lesion, as in caries or a filling.

- In the root canals and apexes, as a result of chronic inflammatory or traumatic
periapical injuries.

4 1.3 Osteoid Tissue

It is the pulp's immediate response to chronic aggression. It is produced by pulpal
fibroblasts when the aggression destroyed the odontoblasts and cells of the
subodontoblastic layer but is not so intense as to destroy the fibroblasts.

Suffering the tooth an aggression, the differentiation of the new odontoblasts takes 4-
6 weeks. During this time the fibroblasts are producing osteoid tissue: it is the urgent
response to that aggression.

When tertiary dentine begins to be generated, a mixed tissue called osteodentine (a
mixture of tertiary dentine and osteoid tissue) quickly forms. It may have cell inclusions,
vessels, and pulpal tissue with an irregular tubular pattern.

4.1.4 Pulp calcifications

Their aetiology is unknown and they are clinically asymptomatic. They are only
detectable radiographically when they are large, which usually occurs in 10% of cases.
There are two types:

- Diffuse, it is a calcification without a defined shape in the chamber or in the
pulp canal.

- Nodular, it is also called pulp calculus because it is located in the pulp
chamber. It can be formed by dentine (true denticles) or be amorphous (false
denticles)

Depending on their position, the nodular calcifications may be:
- Free, surrounded by pulp tissue, without contact with dentine.
- Attached, fastened by a small dentine bridge to it.

- Embedded, completely coated with dentine, immersed in it.
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4.1.5 False pulp stones

They are calcifications formed by concentric layers of calcified material that have
nothing to do with dentine. They develop in a healthy pulp and they are the most
common calcifications. They appear mainly in the pulp chamber but are not uncommon
in the root canals. It seems that there is a genetic predisposition to form pulp calculus.
We must differentiate them from the calcium degeneration that is formed in a
pathological pulp and generally in the radicular pulp.

4.1.5.1 Aetiology

They appear mainly due to the physiological aging of the tooth and their frequency
increases with age. They also occur in response to chronic irritative stimuli such as
tooth decay or periodontal disease. Other times they appear spontaneously.

4.1.5.2 Etiopathogenesis

Pulp stones are produced by the initial calcification of one of the components of the
pulp tissue that serves as a nest so that later calcification material is deposited on it in
concentric or radial layers. Vascular damage following trauma or metabolic dysfunction
could be the trigger for nest development.

4.1.5.3 Histopathology

They are usually more or less rounded, well defined and generally small so they are
not seen on x-rays. Other times they are large and occupy almost the entire pulp
chamber. They generally develop near vascular structures and are more common in
the pulp chamber. There may be several calcifications that fuse as they grow, making
endodontic treatment difficult. You can find them:

- Free, surrounded by healthy pulp tissue. At first all calculus is free.

- Attached: free stones that by apposition of secondary or tertiary dentine, are
united to the rest of dentine by a bridge.

- Embedded: adhered stones that in advanced stages are completely
surrounded by dentine.

4 .1.5.4 Clinical manifestations

They are usually asymptomatic and are usually radiological findings. Authors found a
higher frequency of pulpal stones in patients with calcification-producing diseases such
as arteriosclerosis.

Radiologically they depend on the density and the size. If they are very small, they are
not seen but with time they increase in size and density and they can be observed
deforming the contours of the pulp chamber, with undefined edges. If they are very
large, they can occupy almost completely the pulp chamber.

4.1.6 Diffuse pulp calcifications

They are small, irregular, calcified deposits scattered throughout the pulp tissue. They
are also called diffuse linear calcifications because of their orientation. They are
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frequent, increase with age, and usually appear in the radicular pulp and then spread
to the pulp chamber.

4.1.6.1 Histopathology

They have an irregular matrix of collagen fibres and electron-dense interfibrillar
material in which the hydroxyapatite crystals are deposited.

4 1.6.2 Clinical manifestations

They are not visible clinically or radiographically and can only be observed in
histological sections due to their dispersion and size and lack of clinical significance.

4.1.7. Calcific metamorphosis (CM)

It is the pulp response to acute or chronic trauma that stimulates the formation of hard
tissue within the root canal space and it is characterized by a yellow discoloration of
the clinical crown (Gutmann, 2001). Most often it is accompanied by tertiary dentine
which causes narrowing of the root canal and probably the change in coloration of the
clinical crown. There is a decrease in tooth translucency due to an increase in dentine
thickness under the enamel.

4.1.7.1 Aetiology

It may be due to trauma to a young tooth that usually reoccurs over time, although it
may also appear as a side effect in temporary teeth treated with pulpotomies or in teeth
with orthodontic treatment. It is more common in young teeth with incomplete root
development and crown fractures or subluxation.

4.1.7.2 Histopathology

The mechanism of formation is not clear and the authors do not agree. It can be a
response of the pulpal tissue to a not too intense trauma, especially in young incisors,
which is repeated over the years. Depending on the cells of the pulp that respond,
calcified formations of tertiary dentine, osteoid tissue or osteodentine will be found.
Most of the time it is a mixture of these tissues.

4 1.7.3 Clinical manifestations

These teeth have a fairly opaque orange-yellow crown. The pulp can be vital, the
vitality can be diminished or even be negative, according to the degree of obliteration
of the canals. Pulp necrosis can occur.

The consequence is the obliteration, usually partial, of the pulp cavity and especially
of the canals, which can greatly hinder endodontic treatment, making it sometimes
impossible.

Radiographically, a partial or total obliteration of the pulp cavity can be seen, although
this does not mean the absence of pulp or pulp space. Periodontal ligament
enlargement or periapical radiolucency with or without subjective symptoms may be
observed.
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4.2 Reactive cementum processes

They are those cementum tissues that appear due to the physiological aging of the
tooth or as a defence of the cementum against a chronic pathology.

4.2.1 Cementum growth by age: passive eruption

Tooth cementum has the ability to be formed by cementoblasts throughout the life of
the tooth. There is a slow and continuous physiological formation of cementum that
facilitates tooth movement and provides Sharpey’s fibres with a surface to join the
tooth.

Over the years, the tooth loses length due to physiological occlusal attrition, shortening
the crown. As a mechanism of compensation for coronal wear, a cementum deposit is
generated continuously to keep the tooth in position with respect to antagonist and
adjacent teeth, thus keeping the tooth in the plane of occlusion. This is called passive
eruption.

There are 2 types of cementum tissues:

A) Apical and interradicular: by concentric apposition of successive layers of
cementum to maintain the dental intraosseous portion. This can vary the position of
the apical foramen or the path of the accessory canals and it must be taken into
account when performing an endodontic treatment.

B) Lateral: the apposition of new layers slowly and continuously allows the insertion of
the fibres of the alveolar-dental ligament to be modified and renewed continuously.
This results in a reduction in the root concavities.

4.2.2 Hypercementosis

This is an abnormal thickening of the cementum, usually in the middle or apical third
of the root. The exact amount of cementum to consider that hypercementosis exists is
not defined in terms of measurable amounts. The diagnosis is made based on clinical
experience, by comparison with other teeth or by radiological findings.

It occurs in devitalized teeth as the metabolism in these teeth continues and facilitates
the biological closure of the apex in endodontic treatments.

4 .2.2 1 Clinical manifestations
- Diffuse or circumscribed.

- Affecting a single tooth, lower teeth are more affected, especially the
premolars, followed by the first and second molars.

- Affecting one, several or all roots in the multiradicular teeth.
- It can affect all teeth: generalized idiopathic hypercementosis.
- It can affect part or all of the root of the tooth.

- When a certain degree is exceeded, the cement-forming hyperactivity stops
and the opposite phenomenon occurs: cementolysis.
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4.2.2.2 Aetiology

- Local factors, more or less chronic and not very intense pathological stimuli
such as anocclusion, chronic periodontal disease, orthodontic treatments and
low-intensity but constant trauma (overload).

- General or systemic factors, such as Paget's disease, acromegaly, rheumatic
fever, etc. Systemic and hereditary diseases are considered the most important
etiological factor in generalized cases.

- Idiopathic factors.
4.2.2.3 Etiopathogenesis

- Cementum hypertrophy, related to the improvement of the functional
properties of the cementum.

- Cementum hyperplasia, the cementum deposit is not a response to excessive
function or are non-functional teeth or is caused by local or systemic
pathological factors. When cementum hyperplasia occurs in non-functional
teeth it is characterized by a reduction in the number of Sharpey's fibres and
when the hyperplasia is secondary to apical inflammation or high occlusal
pressures, ankylosis of the roots can occur, which may require removal of bone
to make possible the exodontia of those teeth.

4.2.2.4 Histopathology

Irritant lesions will stimulate undifferentiated periodontal ligament cells that
differentiate into cementoblasts. These produce a cementoid apposition (tissue similar
to cement but without the apatite mineral component) on the outer surface of the
cementum, with abundant cementoblasts, which is then calcified and the
cementoblasts disappear.

Hypercementosis can occur in 2 ways:

- Located: in areas subject to greater traction. Spike-like cementum protrusions
form that provide a larger surface area for the insertion fibres of the periodontal
ligament and ensure a firmer anchorage of the tooth in the surrounding bone.

- Diffuse: The most common cause is chronic periapical inflammation and
overload. It occurs mainly in the apical area producing a root in "drumstick”.

Diffuse and generalized forms often appear due to systemic, idiopathic diseases or
after orthodontic treatments and are quite rare. They are seen mainly in older patients.
In young patients, the localized form as spicules is more common.

4.2.2 .5 Clinical manifestations

There are no signs or symptoms, the vitality and percussion tests are not altered, there
are no signs in the mucosa that covers the hypercementosis and there is no expansion
of the bone cortex.

Hypercementosis in young people can delay the eruption and it may affect the mobility
of the teeth during the eruption. Mobility is also affected in orthodontic treatments.
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The shape of the root is altered due to the apposition of cementum but it will be
surrounded by a continuous and uninterrupted periodontal space and a normal
alveolar cortex.

Radiographically, it is a by chance finding. This cementum sometimes has the same
density as dentine so hypercementosis is manifested as a localized or generalized
radiographic increase in the root. Sometimes the newly formed cementum has a lower
density than dentine, so its edges are clearly visible.

In devitalized teeth, hypercementosis can be stimulated by chronic inflammation of the
periodontal membrane. In this case, areas without periodontal or alveolar cortical
ligament are observed radiographically. An area of bone destruction can also be seen
in the periapical area.

4.2.2.6 Treatment

These teeth do not require any treatment, just keep in mind that exodontias can be
more difficult due to ankylosis from root to bone and require surgery and that in young
people and children with hypercementosis orthodontic treatment will have special
considerations.

4.2.3 Cementicles

They are small mineralized bodies in the thickness of the periodontal ligament, at any
level, but especially in the apical third.

They are usually rounded or ovoid and very small (usually no more than 0.2 mm) so it
is very difficult to see them on an x-ray. They can be presented alone or in groups near
the cementum surface. If they are very numerous, they produce a calcification of the
periodontal ligament.

4.2.3.1 Etiopathogenesis

They increase with age and are more common in periodontal disease and trauma.
Depending on their origin can be of 2 types:

- Formed by cementum tissue: the participation of cementoblasts is required,
which is why they are often associated with hypercementosis.

- Formed by calcium precipitation: they are caused by vascular alterations,
capillary or venous thrombosis, or slowing of the circulation that facilitates
calcium deposits.

4.2.3.2 Histopathology

They have a structure of concentric laminar cementum layers. Those formed by
calcium precipitate are amorphous or osteoid-looking formations. They can be of 3
types:

- Free: they are surrounded by soft connective tissue.
- Attached: when growing the nearest cementum is fused with it

- Embedded: they are fully incorporated and covered by the cementum.

66



4 .2.3.3 Clinical manifestations

They are asymptomatic although periodontal pain due to nerve compressions has
been described. They can be confused with false cementicles that are fragments of
cementum that come off in those teeth with mobility, where strong and/or inadequate
tractions are done.
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5

TEETH CONSUMPTION PROCESSES WITH
PHYSICAL AND CHEMICAL ORIGIN

5.1 Attrition.
5.2 Abfraction.
5.4 Abrasion.

5.3. Erosion.
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Introduction

The definition of consumptive in the dictionary says that "consumptive is understood
as one that has the capacity, virtue and effectiveness to consume or to be consumed".
There are several such processes at the dental level that require our attention, attrition,
abfraction, abrasion and erosion.

5.1. Attrition.

Attrition is the gradual wear and tear of dental hard tissues due to chewing by tooth-
to-tooth contact. This can be physiological, which is what occurs normally during
chewing food and derived from a natural use over time or pathological, due to overuse
in both time and intensity. Establishing a dividing line between the physiological and
the pathological is quite complicated by the variability of factors, intensities and uses
of each individual. The factors that can influence the degree of attrition in each
individual are:

- Structure and occlusal relationship of the teeth.
- Calcification of the enamel.

- Development of chewing muscles.

- Chewing habits.

- Ability of food abrasion.

5.1.1 Etiopathogenesis

Attrition increases with age, either physiologically due to the natural wear of the parts
or pathological due to an increase in wear and tear due to vital complications,
medication use, greater muscle power, etc.

Attrition is greater in men than in women, due to increased hypertrophy and power of
male muscles, although the differences are not overly significant.

Occlusal conditions also influence, as a fewer teeth in the arch causes them to suffer
a greater masticatory workload.

Hyperfunction (bruxism) is the most common cause of attrition. Its prevalence rate is
5 to 20% in the adult population. The physiological loss at the vertical level of the tooth
is 65um / year and that in bruxists this figure is multiplied by three or even four.

The estimated contact time between dental pieces of both archs is estimated at about
17.5 min / day, considering the processes of chewing food and the contacts derived
from the swallowing. All the extra time of contact between the pieces would suppose
an excess of work.

With regard to nutrition, abrasive particles in meals, chewing gum, tobacco, betel nut,
produce a pathological attrition.
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In addition, the lack of lubrication of the saliva (xerostomia) for various reasons, it
increases the wear capacity of the dental pieces. It would be something similar to what
happens when the pistons of a combustion engine are not lubricated, there is an
excess of friction and the durability of the same is quite affected.

5.1.2 Clinical manifestations
Broca's classification establishes the different degrees of affectation:

0: No attrition.

1: Enamel, the cusps are still identified.
2: Exposed dentine.

3: Occlusal morphology is lost.

4: Inverted cusps.

The clinical manifestations of attrition are like their degrees of affectation, being a slow
process, it makes the response mechanisms of the tooth have time to adapt to the loss
of material, not manifesting in many cases dental hypersensitivity and except in
extreme cases, common pulpal exposure processes are not often seen. What we can
observe are discolouration processes, due to the porosity of the dentine, tissue
remineralization processes in response to aggression, observing hypermineralised
tissues with 8% more than normal.

Moderate occlusal attrition is usually associated with a lower incidence of caries, due
to the elimination of grooves and occlusal fissures that represent retentive elements,
disappear and allow greater ease of washing. In the same way, periodontal problems
have a lower incidence, since when cusp interference is eliminated, the disclusions
are performed in a freer way. At the proximal level, it creates large contact surfaces
due to the loss of dental material at the vertical level, affecting the contact points. So
mesial migrations of the teeth can appear and a shortening of the dental arch of up to
one centimetre can also occur. At the level of the necks of the teeth it causes a
phenomenon called abfraction. We will see this further on. There can also be facial
defects in patients with Angle’s class |l malocclusion (prognathism) and anterior
crossbite.

In a physiological attrition the wear follows a constant pattern, which initially affects the
incisal edges, as the process progresses it affects the occlusal surfaces of molars,
maxillary lingual cusps and mandibular facial cusps. Most cases are presented as
concave defects surrounded by enamel, having a higher incidence in men and
aggravated by the association with erosion and / or abrasion.

A pathological attrition can be caused by a pathological occlusion either by alterations
in development or by processes of partial edentulism caused by different reasons.
Habits such as bruxism or chewing gum or tobacco increase attrition. Similarly, the
processes of structural alterations in the formation of dental tissues such as
amelogenesis and dentinogenesis imperfecta will make the wear of these tissues
much faster than if they had adequate structure and mineralization.
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Radiographically we can observe a reduction in the size of the pulp chamber, increase
in periodontal space, loss of alveolar bone, osteoporosis and osteosclerosis.

5.1.3 Prevention and Treatment

For preventive purposes, we will focus efforts on patient observation and follow-up. On
action on the aetiological factors that cause pathological attrition, dietary modification,
both in factors that enhance attrition and in those that synergistically weaken the
structures exposed by this process and control of parafunction.

Restorative treatment is focusing on returning the patient to functionality by recovering
the vertical dimension, improving the aesthetics of those injuries that involve visual
defects that the patient wants to correct, performing these procedures through
composites, onlays, inlays or crowns of total coating.

5.2 Abfraction

Abfraction (ab, "far"; fractio, "fracture") is the loss of hard dental tissue caused by
biomechanical loading forces.

5.2.1 Etiopathogenesis

Physiologically, the enamel layer thins towards the neck of the tooth, being a very thin
enamel and with a greater breaking capacity than other surfaces of the tooth. In
attrition, the tooth is subjected to constant flexion and shear forces by occlusal
movements. The union of these two factors causes the enamel closest to the
cementoenamel junction to come off and this abfraction phenomenon to occur. We
must be careful because after the breakage of these surfaces of the enamel the
exposed dentine is at the mercy of processes such as abrasion by brushing and the
action of cariogenic agents.

5.2.2 Clinical manifestations

Clinically we will find signs of loss of dental structure, fracture and repeated
detachment of restorations, being the classic symptom the dentinal hypersensitivity of
diffuse location. The differential diagnosis is simple, brushing injuries affect several
teeth and in abfraction the surrounding teeth are not affected. Only the tooth involved
in the process and sometimes its antagonist of the opposite arch.

A) Clinical forms in enamel:

- Filiform cracks, visible and accentuated with transmitted light.

- Striations, irregular horizontal bands of enamel due to molecular fractures
and called Luder's lines.

- In the shape of a plate, located entirely in the enamel.

- Semilunar, located entirely in the enamel.

- Invagination at the end of a cusp.
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B) Clinical forms in dentine:

- Gingival, deep and acute angular groove that appears in the gingival margin
of the facial surface, denominated groove of McCoy.

- Circumferential, completely surrounds the cervical region of the tooth.

- Multiple, two or more grooves appear on a surface.

- Subgingival, below the gingival margin and can be single or multiple.

- Lingual, on the lingual surface at the cement-adamantine junction.

- Interproximal, it is observed on rotated teeth, outside its normal position in the
arch.

- Alternating, the abfraction appears in a tooth, but is absent in the adjacent
tooth.

- Angular, the abfraction lesion is at an angle of 45°.

- Crown margin, the lesion extends below the finish line of the prosthetic crown.
- Restoration margin, a gingival caries-free abfraction appears to all types of
restoration (composite, amalgam) without a sign of abrasion by brushing.

5.2.3 Treatment

Abrasion treatment begins with an early occlusal adjustment to reduce the workloads
of the parts to reduce compression and flexion on the affected teeth. Most defect
repairs of these lesions are performed with composite resins. The decrease in the
existence of habits such as bruxism through relaxation techniques, control and the use
of splints would be in the long run a fairly effective tool to reduce the possible
complications of such processes.

5.3 Abrasion
Abrasion is defined as the dental pathology caused by the friction of a foreign body on
the dental structure, independently of the occlusion between the teeth. It can be
located in any area where friction occurs.
5.3.1. Aetiology
A) Individual factors:
- Brushing: technique, strength, time.
- Dominant side.
- Protruding teeth: canines.

B) Materials:

- Abrasives: calcium carbonate, aluminum oxide, silica, sodium bicarbonate.
- Beveled bristles and of lower concentration.
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C) Factors associated with therapy:

- Periodontal treatment.
- Prosthetic treatment.
- Orthodontic treatment.

D) Labour factors:

- Construction.

- Shoemakers.

- Tailors.

- Musicians.

- Work with abrasives in suspension.
- Piercings.

5.3.2 Clinical manifestations

Its location is usually established in the facial surfaces at the level of the
cementoenamel joint, being more frequent from canine to first mandibular molar, in
maxillary premolars and incisal edges.

On exploration we find:

- Indefinite contour.

- Smooth and hard surface.
- There is no plaque.

- There is no discolouration.
- Smooth and shiny enamel.
- Very polished dentine.

- Plate-shaped injury.

- Gingival recession.

The symptoms of the abrasion will depend on the degree of wear or loss of the dental
material suffered. A slight abrasion may not trigger any symptoms or cause occasional
hypersensitivity.

5.3.3 Histopathology

Histologically, we can observe an obliteration of the tubules and the formation of
reactive dentine. Usually, there is no pulpal exposure, except in cases of tissue loss
due to abrasion.

5.3.4 Prevention and Treatment

At the preventive level, we will focus on the triggers of the process, change the brush
to medium hardness and use kinds of toothpaste with lower abrasion volume, improve

the brushing technique and reduce its strength. We will also have to correct harmful
habits such as holding objects with teeth.
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At the restorative level, as we have seen in the abfraction we will use adhesive
restorations based on composite resins, to solve aesthetic defects. We will try to
reduce dentinal sensitivity with specific kinds of toothpaste and mouthwashes.
Sometimes we will need to use varnishes or even resorting to restorations with
adhesive to reduce it.

5.4 Erosion
Erosion is the loss of hard tissue from the tooth by dissolution due to acids that do not
come from bacterial metabolism. The risk of erosion is increased by current dietary

habits, as well as by psychological alterations resulting from inadequate dietary
patterns.

5.4.1 Aetiology
We can find two types of agents that can cause erosion:
A) Extrinsic agents:
- Diet.
- Environmental factors.
- Medications.

B) Intrinsic agents:

- Perimolysis.
- Salivary deficits: Sjogren, Mikulicz

With regard to diet, we know that the consumption of foods with a low pH such as citrus
fruits, vinegar, carbonated drinks and acidulants, as well as juices tend to cause
erosive processes. In this table, we see the pH of the most traditional drinks consumed
compared to gastric juice with a pH close to 2 (table 2).

SUBSTANCE pH SUBSTANCE pH
Gastric juice 2 Rum 3.97
Cola drink 25-3 Energy drinks 4
Beer 3.5-4 Lemon-orange soda 28-3

Wine 4 Coffee 5

Table 2. The pH of the most consumed drinks.

At the environmental level, we know that airborne acids in various chemical industries
can be the source of dental erosion. Exposure to extrinsic acids can also be associated
with activities such as swimming due to the high concentration of chlorine in the water,
with painters, with laboratory workers who use pipettes with acids and professional
wine tasters are also at greater risk of erosion.
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The drugs directly involved in erosion are:

- Chewable aspirins.

- Medicines for the treatment of achlorhydria.

- Tablets with iron supplements or vitamin C (chewable and effervescent).

- Artificial saliva and salivary flow stimulants as they contain maleic and citric
acids.

- Inhalers for asthma, as they cause a greater decrease in salivary flow.

In most of them, it will depend on the frequency of use and the duration of the
treatment.

Among the intrinsic factors we have the derivatives of gastrointestinal problems, we
must remember that gastric juice has a pH of 2 so that all processes that cause reflux
or regurgitation will be likely to cause tooth erosion. Such as hiatal hernia, pregnancy
or alcoholism. Being able to be enhanced or favoured by spicy foods, onions or
tobacco.

We must not forget that the mouth has control systems and neutralization of acidic pH
so at the oral level there are a number of biological factors that modulate erosion such
as:

- Saliva. The more saliva the more acid neutralization.

- Dental structure. Teeth with higher mineralization will be less susceptible to
erosion.

- Dental anatomy and occlusion. A correct occlusion and dental surfaces with
non-retentive grooves and pits will reduce the effect of erosion on the teeth.

The anatomy and physiological movements of the soft tissues of the oral cavity are
aimed at preventing the acid from being suspended on the tooth long enough to cause
injury to its structure, dragging and causing the washing effect.

5.4.2 Clinical manifestations

The location will be variable according to the aetiology, finding injuries in the facial
surface at the incisal and cervical level, in the occlusal surfaces of molars and
premolars, in the lingual surfaces and in the proximal surfaces. The injuries usually
have discoid areas of wear, where we can see an over-raised enamel and previous
restorations if the tooth had them.

Depending on the evolution of the process, we will find that the active areas are clean
and without colour changes and the inactive ones may have discolourations caused
by the porosity of the dentine. In most cases, they are usually bilateral with no
predominance of vertical or horizontal extension. They can be associated with other
consumptive processes and coexist. According to the degree of affectation, we have
two classifications, one of them refers to the affected tissue and the other to the state
in which the process is:
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Classification of Eccles and Jenkins:

- Class 1: enamel
- Class 2: dentine (less than one third)
- Class 3: generalized dentine involvement

Manneberg classification:

- Latent injury: with gloss and prominent edges
- Active injury: simulates an engraved enamel

The evolution of the damage could have a slow or fast progression. When it is slow, it
gives time to the organism to rearm in front of the acid attack being able to observe in
these processes the dentine of dead tracts, the translucent one and the reactive one.
In the fast progression, it can cause processes of dental hypersensitivity and
sometimes cases pulpal exposure.

5.4.3 Prevention and treatment.

The elimination of the aetiological factors that produce it is the key to the prevention of
new damages caused by erosion, the decrease of acidic foods, rinsing with plain water
or water with baking soda after taking some inhaled medicines or after having vomiting
episodes or regurgitation is a good measure to reduce heartburn.

Observing the symptoms that cause an acute process of erosion, it is likely that we
will have to perform emergency clinical treatments that can range from the control of
hypersensitivity, to the treatment of ducts for pulpal pathologies.

As in the rest of the consumptive processes, the repair of the injuries will be performed

with composite resins in moderate buccal defects, being able to use porcelain or resin
facets. When the injuries are severe, we will have to resort to crowns of total coating.
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6

TEETH CONSUMPTION PROCESSES WITH
CELLULAR ORIGIN

6.1. Internal root reabsorption.

6.2. External root reabsorption.
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Introduction

Root reabsorption is a destructive process due to a mechanism of cellular
phagocytosis that leads to the loss of dental hard tissue. It affects cement and dentine
but never affects enamel. Tissue phagocytosis is performed by primary cells of the
connective bone tissue, cement tissue or pulpal tissue. They evolve differentiating into
other cells with phagocytic function, in addition to macrophages, which may also be
involved in this process.

Root reabsorption can be confused with caries, although caries is activated by bacteria
and reabsorption by clastic cells. Although reabsorbed teeth can suffer bacterial
contamination later. According to its location, we can differentiate two types of
reabsorptions:

- Internal, begins inside the duct and goes on destroying dentine and then
cement, so that if it reaches the outer surface it becomes communicating.

- External, begins in the periodontium of the tooth and can advance until
reaching the root pulp.

6.1 Internal root reabsorption
6.1.1 Aetiology

It is caused by chronic inflammation of the pulp that stimulates the development of
osteoclasts that phagocytose dentin. The causes of chronic pulpal inflammation can
be:

- Caries and deep fillings.
- Dental trauma.
- Orthodontic movements.
- Pulp exhibitions.
- Idiopathic.

6.1.2 Histopathology

The innermost portion of the dentine of the root canal is the predentine, which is 25-
30 um thick and is the non-mineralized matrix of the dentine so it becomes a protective
barrier of the dentine against osteoclasts that can only destroy hard tissue.

To begin the process of reabsorption there must be a chronic inflammatory process of
the pulp that causes an increase in vascularity and the development of granulation
tissue that transforms connective cells into osteoclasts. With the decrease in pH
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caused by chronic inflammation, the solubility of hydroxyapatite increases and the
mineralization of predentine occurs, thus becoming a hard tissue susceptible to
osteoclastic action, leaving the dentine unprotected.

When the pulp is necrotic or removed, this process is stopped as the odontoclasts no
longer have a power supply.

Dentinal resorption may be continuous or intermittent. If it is continuous it will destroy
cement and there will be perforation towards the periodontal space. When it is
intermittent, there are periods of destruction and periods of repair in which a poorly
structured irregular dentine is formed.

6.1.3 Clinical manifestations

Internal resorption is uncommon and has a greater incidence in the upper incisors than
in the rest of the teeth. Pulp vitality tests give normal results except in very advanced
cases in which the pulp is replaced by granulation tissue and undergoes necrosis.

Internal resorptions are often discovered as accidental findings on x-rays taken for
other purposes as they are usually asymptomatic in most cases. In the initial phase, it
usually presents as a rounded radiolucent lesion on the duct and the pain appears
when there is perforation towards the periodontal space. It can start in the duct or in
the pulp chamber thus affecting the crown of the tooth. This differentiates them from
external reabsorptions. When it affects the pulp chamber and the reabsorption
becomes large enough, the granulation tissue is reflected through the enamel giving
the tooth a characteristic appearance called a "pink tooth".

Teeth that have suffered trauma should be monitored for years to see if reabsorption
occurs. For the first 6 months, radiographic checks and vitality tests are performed
every 4-6 weeks, followed by annual check-ups.

6.1.4 Treatment

When internal reabsorption is diagnosed, we must act immediately as waiting only
leads to a worsening of the situation. Duct treatment is mandatory as the pulp tissue
is inflamed. If the reabsorption did not cause perforation, the prognosis is more
favourable.

When treating ducts in the reabsorption zone we must remove all the pulp residues
very well. This is complicated because the files do not reach the lacunar areas of the
injury well. The use of ultrasound and its cavitation effect on hypochlorite helps to
remove all granulation tissue from the damaged area, as the duct should not be
widened to the size of the defect.

Some authors are in favour of leaving calcium hydroxide in the ducts and not doing
endodontics in a single session as the alkaline pH of calcium hydroxide combats the
decrease in pH produced in the duct. This favours the mineralization of predentine and
its bactericidal effect destroys osteoclasts and macrophages that are causing
reabsorption. The problem with the use of calcium hydroxide is the difficulty in

79



removing it completely from the reabsorption zone of the duct. When sealing the duct
in endodontic treatment we will have more difficulties to make a good three-
dimensional sealing if we use lateral condensation technique than if we use a
thermoplastic gutta-percha technique. Because with hot gutta-percha it is easier and
better to fill the defect caused by reabsorption.

6.2. External root reabsorption

It begins in the periodontium, in the lateral or external wall of the tooth. It affects the
cement and in advanced stages, the dentine can reach the pulp thus producing a
perforation that communicates the pulp and the periodontium. External reabsorption is
unique to the tooth’s root as the enamel does not undergo reabsorption processes.

6.2.1 Aetiology
Harmful stimuli on the periodontal ligament can trigger external reabsorption.

In the case of pressure reabsorptions, the elements that exert pressure on the root can
trigger external reabsorption. These can be:

- Inflammatory, as a result of trauma, orthodontics, periodontal disease or
apical extension of a pulpal inflammation.

- Occlusal trauma

- Cysts or tumours
- Rash of impacted teeth

We can also find an endosteal or replacement origin as a result of:

- Avulsion
- Intrusion
- Orthodontics

Invasive cervical resorption, as a result of:

- Internal or external tooth whitening
- Trauma

- Orthodontics

- Systemic diseases

Unknown origin but there are different hypotheses to justify the appearance. The
possible causes are:

- Trauma.

- Local factors.

- Systemic diseases with altered phosphocalcic metabolism.
- Endocrine disorders (hyper or hypoparathyroidism).

- Paget’s disease

- Kidney diseases

- Narcotics
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6.2.2 Histopathology

As with internal reabsorption, there must be a chronic inflammatory process in the
periodontium that causes the mineralization of the precement. Precement is the
outermost part of the cement and fulfils a protective function just like predentine. If it is
mineralized it allows the action of osteoclasts and reabsorption begins.

Replacement reabsorption is a bit special as it destroys cement and dentine like other
reabsorptions but the difference between them is that bone is deposited directly within
the reabsorbed structures. When the periodontal ligament is injured, it is replaced by
bone, causing ankylosis of the tooth (immobility). Replacement resorption is a chronic
and slow process that can last for years, although in young patients it evolves faster
than in older patients and usually ends in complete tooth loss.

Invasive cervical reabsorption was so named by Frank in 1983, evolving very rapidly
and located in the cervical 1/3 of the root which makes the prognosis worse by having
direct contact with the oral environment.

6.2.3 Clinical manifestations

They are usually asymptomatic and are random radiological findings. Increased tooth
mobility, which is often the only symptom until communication with the root pulp occurs
and pain and pulpal necrosis are triggered.

A clinical history of previous traumas should make us suspect that due to the few
symptoms they trigger, early diagnosis is very important. Because the more advanced
the reabsorption the more difficult the treatment and the worse its prognosis.

6.2.4 Treatment

Due to the varied and sometimes unknown aetiology, different types of therapeutic
treatments have been generated over time that are not always effective, making the
prognosis of resorptions unpredictable.

6.2.4.1 Treatment of pressure reabsorption

Eliminating the cause of the pressure causes the reabsorption to stop. The impacted
teeth that generate that pressure must be removed. Depending on the degree of
involvement in the root of the adjacent tooth we can wait and control if they are small
injuries and see if there is spontaneous healing. But in cases of impacted third molars,
the involvement of the distal root of the second molar is so large that endodontics, root
amputation, or even molar extraction must be performed.

If the cause of the pressure is orthodontic treatment, this treatment should be
discontinued immediately, as in other types of resorption caused by orthodontics.

6.2.4.2 Treatment of inflammatory reabsorption

Elimination or decrease of the cause that causes that infection. If it is of pulp origin,
the endodontic treatment will slow down the apical reabsorption and if the origin is
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periodontal, specific periodontal treatment will be required. In external apical
reabsorption, the root apex is destroyed so we have no tactile reference of apical
constriction or clear radiological image. The reabsorption will stop months after the
treatment, not immediately, therefore when doing the treatment of ducts, we will tend
to create the new apical stop at about two millimetres from the apex. Sometimes apical
surgery is needed to fix the case.

In the lateral inflammatory reabsorption caused by traumas, when they are diagnosed,
there is usually pulpal involvement, so you must start by treating ducts and then have
surgery to clean the granulation tissue and seal the area with different materials.

6.2.4.3 Replacement resorption treatment

There is no treatment for this type of resorption. Once started it will continue until the
tooth is completely lost.

6.2.4.4 Treatment of invasive cervical resorption

The location of this type of resorption makes the surgical approach to the injury easier
in order to make the affected area curettage and sealed. If there is no pulpal
involvement, no endodontic treatment is done, but periodic vitality checks must be
done because if it becomes affected, endodontics will have to be done.

This type of reabsorption is usually very aggressive and with a bad prognosis that often
causes the teeth involved to end up being removed.

The problem that exists when sealing these reabsorptions is that on the one hand, they
are usually in contact with the bone, but they are also in contact with the oral
environment. Sealing materials that are biocompatible with the bone such as MTA
(mineral trioxide aggregate) do not do so well in contact with the oral environment,
which is why in many cases two types of materials must be used.

6.2.4.5 Treatment of idiopathic resorptions

Surgical approach of the injury is performed to make curettage and sealing of the
affected area. If the pulp is not affected, no endodontics is performed as doing so does
not decrease or eliminate the action of osteoclasts in reabsorption.

6.3 Differential diagnosis between external and internal root resorption

When in an X-ray we discover an image compatible with a reabsorption, we must know
if it is an external or internal reabsorption. It is not easy to distinguish them at first, but
an early diagnosis will improve the prognosis and treatment will vary from one to
another. X-rays are two-dimensional images so it is difficult to distinguish one from
another and in more advanced stages it will be more difficult as both can become
communicating. To make the differential diagnosis we will be based on three aspects:
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A) Morphology of the lesions

The internal reabsorption is rounded with symmetrical radiolucency while the external
has an irregular and asymmetrical shape. Internal resorption is seen as an expansion
of the root canal or pulp chamber and the boundary between the lesion and the pulpal
structures is indistinguishable.

On the external one, a clear delimitation is seen between the structures and the lesion,
and on radiographs, the lesion seems to be superimposed on the root canal.

B) Variation on the angle of the ray tube

We will do x-rays with different angles of the ray beam, from mesial or distal. In internal
resorptions, although we vary the angle of focus, the lesion will be integrated with the
duct but in the external ones, the lesion will be separated from it.

C) Tomographs

In cases where it is impossible for us to diagnose what type of resorption it is, we can
do more complex radiological studies such as conical beam computed tomography
(CBCT). This type of study gives us clearer and more accurate images to be able to
diagnose the type of reabsorption that is.
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Part lli

DENTAL PATHOLOGY OF
INFECTIOUS ORIGIN
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7

INTRODUCTION TO CARIOLOGY

7.1 History.

7.2 Current concept and definition.
7.3 Epidemiology.

7.4 Etiological factors.

7.5 Pathogenesis.

7.6 Prevention and treatment.
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Introduction

Dental caries is a complex and multifactorial disease that is a fundamental axis of
dental pathology. Knowing the starting points of its historical evolution, the factors that
trigger it and the different approaches to it are the backbone of this issue. All of this
will allow us to become aware of caries as a disease and it will help us to give
diagnostic and therapeutic approaches from prevention to the treatment of the signs
and manifestations of this disease.

7.1 History

Dental caries is already described in ancient civilizations in Asia, Africa and pre-
Columbian America where individuals with cariogenic processes are observed.

Already in the 5" century BC theories about its aetiology were postulated. They were
differentiated into two aspects, the so-called endogenous theories, which attributed the
cause of caries to a process of internal imbalance of the body or the tooth, and
exogenous theories, who attributed the disease to an external cause of the body.

Among the most important endogenous theories we have the humoral theory of
Hippocrates, where it was postulated that caries was caused by the accumulation of
harmful humour within the tooth (456 BC). Galen in 130 BC states that cephalic
disorders are caused by a "corruption of humours that can pass into the mouth and
cause cavities." Jordain, in the 18" century, postulates the vital theory, where he
establishes that it is an inflammation of the odontoblast that causes caries due to some
systemic process or metabolic alteration that he could not determine.

With regard to exogenous theories, one of the most enduring over time was the "legend
of worm or tooth-worm theory" whose first reference dates from 5000 BC in an
Assyrian board, which states that it is a worm that causes the carious lesion. In the
Egyptian Papyrus of Ebers, dating from 1500 BC and that combines the medical
knowledge of many centuries, one of its sections is dedicated to the diseases of the
teeth and their treatment by means of enchantments, fumigations and the local
application of vegetal and mineral substances. In Spanish, this worm was named as
"neguijon"”, referring to the Latin term (nigellus, diminutive of niger: black) since in most
cases this blackish colour was observed in the lesions caused by caries. On many
occasions, the neurovascular bundle inside the canals was confused with the worms
that caused the disease. This theory took time to disappear, until well into the 17"
century, with the publication of Le chirurgien dentiste ou traité des dents (1728) by the
French surgeon Pierre Fauchard, who marked the birth of modern dentistry.

In the 19" century Robertson and Regnart performed experiments with inorganic acids
and observed that they had the ability to destroy enamel. Later in 1983 Erdl observed
under the microscope the deposits on the tooth and he found some filamentous
parasites. Finicius, a few years later, and after observing these parasites in a sample
of a caries, gave them the name of denticolae.
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In 1890 Miller proposed the acidogenic or chemoparasitic theory, combining the
studies of Pasteur, who had described how microorganisms decomposed sugars into
lactic acid, and the studies of Magiot, who showed that the fermentation of sugars
caused the dissolution of enamel. The in vitro study concluded that:

- The microorganisms in the mouth ferment the carbohydrates on the dental
surfaces and produce acids (especially lactic acid).

- That these acids first decalcify the tissues, which in the case of enamel means
its destruction.

- Later on, the dentine is also decalcified, dissolved or digested by proteolytic
bacteria that penetrate inside.

This study led to many others such as Williams (1897) and Black (1898) which
described dental plaque and how it makes possible the mechanisms of adhesion and
enzymatic activity.

In 1922, Mcintoch gave more importance to the microbial factor in the disease by
achieving the production of caries in vitro by inoculating Lactobacillus acidophilus in a
glucose broth on a healthy extracted tooth.

7.2 Current concept and definition

It is currently accepted that caries is a disease of infectious and multifactorial origin
that conditions the demineralization of the tooth starting with the most mineralized
tissues and continuing with the destruction of the organic matrix. Therefore, the dental
caries is a complex infectious disease of a chronic and multifactorial nature in which
environmental, social, behavioural and biological factors interacting cause the
destruction of the hard tissues of the tooth and a possible pulpal involvement.

For tooth decay to occur, we necessarily need the presence of bacteria, but it is not
enough on its own, as we also need a number of additional factors for it to occur, such
as carbohydrate intake, host susceptibility, alterations in brushing, etc.

It is important to establish the approach to dental caries. Since historically caries was
considered as a cavity that occurred in the tooth, all efforts were made to repair the
damage that occurred in it. Thanks to the advancement of science and the studies,
this approach has now changed, and caries is established as a disease or process
(such as diabetes or coronary processes). This allows us to act at various levels, and
to stop the effects of the caries before the lesion occurs.

Etymologically, the word caries comes from Latin and means rot. Aulo Cornelio Celso
uses it in his medical treatise alluding to the destruction of any bone tissue in the
human body. The term caries appeared in our language in 1450 and from the 17"
century began to be used specifically for the destruction of dental tissues.
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The World Health Organization (WHO) has defined tooth decay as a localized process
of multifactorial origin, that begins after the tooth eruption, causing the hard tissue of
the tooth to soften and evolve into the formation of a cavity.

7.3 Epidemiology

Historically, it has always been related to the consumption of refined sugars. The
arrival of sugar cane in the European continent has meant a significant increase in the
incidence of caries. Later on, hygiene techniques and prevention measures have been
changing the trend of incidence of caries in the last years of the 20" century. In
developing countries, the arrival of refined sugars and dietary changes combined with
the few hygienic and preventive measures have led to increases in the incidence of
caries.

Dental caries is the most common chronic disease in the world from childhood and
affecting all ages. According to the WHO, the overall prevalence (averaging all ages)
of untreated caries in permanent teeth is 40% and is the most common condition of
the 291 processes analysed in the Global Burden of Disease Study.

The consequences of untreated caries are chewing difficulties that can have a negative
impact on overall health and growth, sleep disturbance and problems with infections,
both chronic and acute, being the main cause of school and work absenteeism.

Dental caries, as the most common chronic disease in humans, is present in all races
and in all age groups. Attending the periods of incidence of caries, we find that:

- Between the ages of 2 and 8, caries occurs in the temporary dentition and the
first permanent molars. In this period the temporary dentition is already
complete and fully functional. The phases of crushed food have already passed
and dietary habits closer to those of an adult are established. The appearance
of the first permanent molars, their marked anatomy and the condition of an
enamel more susceptible to demineralization make this a period with a higher
incidence of dental caries.

- Between the ages of 11 and 18 there is another rise in caries, in this case
with all the final dentition. Caries occurs on the occlusal surfaces of permanent
molars and the presence of caries begins to appear in interproximal areas of
premolars and permanent molars.

- From the age of 55 with the retraction of gums and the alveolar bone loss
associated with the processes of periodontitis, the accumulation of food in the
interdental spaces is facilitated and the alterations of the salivary flow due to
hormonal changes or pharmacological treatments complicate the ability to drag
and rinse of the saliva, causing the appearance of root caries.

It is currently said that 20% of the population accumulates 60% of the disease. This
means that the population most susceptible to caries has a very high incidence of
caries and that we must focus efforts to establish good risk indicators, detect caries in
the early stages and improve treatments in the early stages.
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7.4 Aetiological factors

In 1960, Keyes proposed that the aetiology of caries is due to three agents that must
interact with each other: host, microorganisms, and diet. It's called the Keyes Triad.

In 1978, Newbrun added to the etiological factors the influence of time, since for caries
to start, the cariogenic plaque must be in contact with the carbohydrates of the diet on
the surface of the tooth for a certain period of time to provoke the biochemical
imbalance that leads to dental cavitation. These are the ones that today we consider
primary, basic or main aetiological factors, indispensable for the development of the
disease, because it is necessary an interaction over a period of time of a susceptible
host, cariogenic oral flora and an appropriate substrate.

As knowledge about caries advances, it is observed that not only does it depend on
these primary factors, but there are other modulating etiological factors involved in the
appearance and evolution of caries lesions, although they do not always appear with
the same intensity in all cases of caries. Secondary factors have also been added that
are as well involved in the production of this disease.

7.4.1 Microbiological factors

The localized decrease in pH at the biofilm-tooth interface is caused by the metabolism
of dental plague microorganisms, but only plaque with high concentrations of certain
bacteria, such as Streptococcus mutans, Streptococcus sobrinus, lactobacilli and
some others, can produce a pH low enough to demineralize the tooth.

S. mutans is the first microorganism to colonize the tooth surface after the eruption. It
is highly cariogenic, and it is present in 90% of patients with multiple caries. The
characteristics that make Streptococcus mutans especially virulent and that directly
relate it to dental caries are the following:

- Acidogenic.

- Aciduric.

- Acidophile.

- Synthesis of glucans and fructans.

- Synthesis of intracellular polysaccharides.

- Dextranase production.

- Adhesion of S. mutans to the surface of the tooth.

- Synthesis of bacteriocins, which are protein toxins that inhibit the growth of
similar bacteria or nearby strains.

However, Kleinberg, in 2002, observed that individuals with high counts of S. mutans
did not always have caries lesions. In turn, Okada et al. and Linquist et al. observed
that S. sobrinus is more acidogenic and more aciduric than S. mutans, being the
coexistence of both species a determining factor in the development of caries lesions.

Lactobacillus has long been blamed for tooth decay. They are gram-positive,
facultative anaerobes, acidogenic, acidophiles and aciduric bacillus. A pH close to 5
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favours their growth and the beginning of their proteolytic activity. From sucrose they
synthesize intra and extracellular polysaccharides, although they have little ability to
adhere to smooth surfaces and must make use of other mechanisms to adhere to the
dental surface. They are found mainly in cavitated caries and they have coaggregation
with other bacteria species. They are able to produce caries in gnotobiotic rats,
especially root caries, and also periodontitis.

Actinomyces is the microorganism most often isolated in the subgingival plaque and
in root caries. A. naeslundii predominates in the plaque of children and L. viscosus in
the adults one. The presence of fimbriae in microorganisms determines their virulence,
as they contribute to the phenomena of adhesion, aggregation and coaggregation and
the production of proteolytic enzymes such as neuraminidase of great importance as
caries lesions progress to the inner dentine.

7.4.2 Diet related factors

- The more refined carbohydrates we eat in the diet, the greater the likelihood
of tooth decay.

- Food acidity. Currently, the consumption of carbonated drinks, citric acid and
vinegar, promote the appearance of caries.

- Consistency (retention capacity), the presence of "sticky" foods makes them
stick to the tooth for longer so there is more contact time between the
carbohydrate and the bacterial plague enhancing the appearance of dental
caries.

- Frequency and consumption habits. The higher the frequency of consumption
of potentially cariogenic foods, the greater the pH drops below the critical level
and therefore the greater the number of chances of caries.

- Temporary distribution of consumption. If you have for example 5 candies, it
is preferable, from the oral health point of view, to ingest them all at once than
space them in time, since this would take several curves of descent of pH
against an only curve that would be produced with the ingestion of all at once.

7.4.3 Host related factors

- Previous experience of caries.

- Morphology of the tooth.

- Presence of "microcracks".

- Morphology of the dental arch.

- Enamel maturity.

- Post-eruption age of the tooth.

- Salivary factors.

- Oral environment rich in fluorides.
- Oral hygiene habits.

And the factors related to tooth morphology:

- Occlusal surfaces of molars.
- Vestibular surfaces of the first lower molars.
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- Palatal surfaces of the first upper molars.
- Interproximal surfaces.

7.4 .4 Saliva related factors

Oral clearance is the function of dragging or sweeping that occurs due to the presence
of a fluid (saliva), added to the muscular action of the tongue, cheeks and lips and
which determines a mechanical dragging action that makes possible continuous
cleaning of bacteria, bacterial products and food debris that are free in the mouth and
in accessible areas of the oral mucosa and teeth.

The clearance time of a sugar is, for example, the time required to reduce it to levels
before it was ingested or to leave it at a concentration of less than 0.1%. It is more
effective during chewing or oral stimulation, because at that time more saliva is
secreted. Clearance times may be prolonged by decreased saliva flow, increased
saliva viscosity, increased food viscosity, decreased muscle activity, and also the
existence of retentive factors in dentition.

The presence of fluoride in saliva increases the rate of neutralization of acidity by 4 to
8 times. Therefore, the intake of fluoride, either systemically or topically, by rinsing and
from the toothpaste, will obviously improve the prevention of progression of caries.

In the same way, oral hygiene has a direct relationship between the contact time of
microorganisms and carbohydrates with dental surfaces, which is why the frequency
of brushing will significantly reduce the appearance of caries on equal terms.

7.4.5 Socio-demographic factors

The socioeconomic level does play a very important role. Currently, access to dental
care is quite complex, thanks to child dental care programs, attempts are being made
to reverse this situation, but even so, in adulthood access to these programs is
conditioned by economic aspects and there are deficits in oral health education.
Similarly, immigration and family breakdown are other factors that increase the
likelihood of caries.

Geographical location has seen a declining trend in the incidence of caries in
developed countries in the last years of the 20™ and early 21% century. A slight upward
trend in developing countries due to access to sugary products and changes in eating
habits has been observed.

7.4.6 Fisher-Owens diagram (2007)
We must consider the large number of factors that influence the appearance,
development and severity of dental caries and that these act over time at both

community and family or individual level. Fisher-Owens expanded the original Keyes
diagram in 2007 to include influencing factors at different levels.
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COMMUNITY- LEVEL

FAMILY- LEVEL

INDIVIDUAL - LEVEL

ORAL HEALTH

environment

- Environmental
safety

- Health system

- Oral care system

- Parent’s health

- Physical security
- Social support

- Socioeconomic
level

- Physical and
demographic
characteristics

- Biological legacy
- Genetic legacy

INFLUENCES INFLUENCES INFLUENCES
- Culture - Healthy habits - Use of dental - Diet
- Social capital - Culture services - Host/tooth
- Oral health - Family - Dental insurance |- Biofilm
- Physical functioning - Healthy habits - Saliva

- Development

TIME

Table 3. Fisher-Owens diagram.

7.5 Pathogenesis

As we have mentioned in previous sections, it is important to know the different
approaches that have been given to caries disease, both as a cavity injury or as a
process or disease. The physiological dynamics of the cavity involves periods of
demineralization and remineralization of tooth enamel. When the balance of this
process is tilted towards demineralization the first signs of the disease begin to appear,
producing subsurface demineralization of the enamel, progressing later to the lesion
of white spot and finally to the cavitated lesion. This evolution of caries will be studied
in more detail in later chapters.

7.6 Prevention and treatment

The combination of the primary etiological factors with the modulators of cariogenic
processes lead to clinical manifestations that evolve as the severity of the lesion
progresses. The observation of these manifestations helps us to find an appropriate
diagnosis aimed at prevention, recurrence and treatment of injuries that have already
occurred.

The treatment of dental caries will vary according to the approach given to caries. Until
recently, dental caries was only the cavity lesion, as well as pulpal alterations that the
cariogenic process produced. Nowadays and after understanding caries as an
evolutionary process, it is possible to act on all those aetiological factors that are likely
to cause the disease.
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Regarding microbiological factors, we can control the bacterial plaque by trying to
eliminate focus of infection, reduce the bacterial plaque by correct brushing
techniques, toothpastes, mouthwashes with antimicrobial agents, etc.

We can also act on the diet, regulating eating habits both in frequency and in its
composition, reducing the consumption of refined sugars, carbonated drinks, etc. And
trying to establish balanced diets, reducing retentive foods, improving dietary
balances, etc.

At the host level we can improve the remineralization processes by providing fluoride
either systemically, by water fluoridation or taking fluoride supplements for the
neoformation of fluorapatite crystals. We can also promote the buffering effect of saliva
to neutralize acids and thus reduce the possibility of demineralization of dental pieces.
And likewise, the increase in salivary flow will provide a better washing effect, as well
as a dilution of plaque acids and therefore reduce the likelihood of suffering from
manifestations of the disease.

With regard to the treatment of the signs and clinical manifestations of caries, we will
perform the least invasive that will be aimed at remineralizing superficial lesions and
without cavitation, through the use of sealants or fluoridations. With cavitated lesions
we will resort to the removal of decayed tissue, remineralization of uninfected softened
dentin and the restoration of lesions using composite resins, ceramic or resin coatings
to return functionality and aesthetics to the parts.

Finally, when there are infectious processes that affect the dental pulp we will resort

to the treatment of the dental canals (endodontics), with the subsequent functional and
aesthetic rehabilitation of the tooth.
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BIOFILMS RELATED TO THE
AETIOLOGY OF CARIES

8.1 Biofilm.

8.2 Dental plaque.

8.3 Dental plaque microbiology.
8.4 Dental plaque formation.

8.5 Ecological determinants in dental plaque formation.
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Introduction

One of the aetiological factors of caries represented in the Keyes triad are the
cariogenic microorganisms. These are present in dental plaque, which is a type of
biofilm with more than 500 different species of bacteria coexisting, and only some of
them are associated with the aetiology of dental caries.

8.1 Biofilm

A biofilm is a bacterial community that attaches to a surface, whether alive, inert, soft
or hard, through a liquid-solid interface. This means that it can be formed in multiple
places as long as they have a surface in contact with a liquid, such as pipes, ponds,
etc. It is organized in a three-dimensional structure formed by an extracellular
polymeric substance or glycocalyx that surrounds large sessile bacterial colonies. In
living organisms, it can develop in many tissues, such as the tooth surface, where it
causes various pathologies other than caries.

As early as the 17" century, Van Leeuwenhoek was the first to describe the existence
of microorganisms attached to the tooth surface, but it was not until 2002 that Donlan
gave a widely accepted description of today’s biofilm: "sessile microbial community,
characterized by bacteria that are adhered irreversibly to a substrate or interface, or
with each other, enclosed in an extracellular polymeric substance that they have
produced, and exhibit an altered phenotype in relation to the rate of growth and gene
transcription ”.

The extracellular polymeric substance or glycocalyx of the biofilm far exceeds the
bacterial mass (15-20% of the total volume) and is formed by extracellular polymers
(exopolysaccharides) produced by the same bacteria, which in turn are protected by
this matrix. Bacteria, to bind to the surface and form the biofilm, need chemical signals
that allow them to communicate with each other and coordinate. There is an
interrelationship between bacteria by small molecules that act as messengers called
quorum sensing. The signaling molecules that make bacteria “communicate” with
quorum sensing are called autoinducers.

In the biofilm coexist bacteria species that would be incompatible in other conditions,
but as bacterial metabolism produces microenvironments with variations in pH, oxygen
concentration, nutrients and metabolic products, survival is possible, although in the
deeper areas of the biofilm bacteria must be adapted to a lower availability of oxygen.

This organization of the bacteria in a biofilm makes them more resistant to antibiotics
than the bacteria themselves in planktonic form. This resistance may be due to
different factors:

A) Physical barrier, the extracellular matrix or glycocalyx that surrounds the bacterial
colonies reduces and slows the penetration of the antibiotic.

B) Metabolic causes:

- Limitation of oxygen and nutrients in the deep areas, slows down the
metabolism of bacteria and slows down or prevents their division, making them
more resistant.
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- Decrease in pH in the biofilm, also interferes with the action of antimicrobials.

C) Genetic changes, biofilms favour genetic changes that increase resistance to many
antibiotics.

D) Spore formation, this is a hypothesis to explain the resistance in newly formed
biofilm with little thickness in which the above hypotheses do not work.

8.1.1 Biofilm formation

The biology of the biofilm is a dynamic process. There is a succession of several
phases:

- Phase 1: Formation of an acellular layer:

This acellular layer is required for subsequent microbial adhesion and it is
composed of polymers that cover all liquid-coated surfaces. This film alters
surface energy and surface charges and it provides specific receptors for
bacterial adhesion. This pellicle is essential for the formation of the biofilm as
it promotes the adhesion of bacteria and it serves as a nutrient.

In dental biofilm, the acellular layer is called the acquired pellicle which is
always formed in the enamel in contact with saliva. It is made of albumin,
glycoproteins, phosphoproteins and lipids. Once the acquired pellicle is formed,
colonization by the bacteria begins.

- Phase 2: Primary bacterial adhesion: initial attachment:

Planktonic bacteria approach the surface by a flow current, by chemotaxis or
by mobility of the bacterium itself. When it is less than 1nm from the surface,
the electrostatic forces between the bacteria and the surface determine the
attraction or repulsion between them. It is a reversible adhesion phase.

- Phase 3: Secondary bacterial adhesion: irreversible attachment:

The binding is consolidated by the production of exopolysaccharides that
promote the binding of bacteria to the surface and because of the bacteria piles,
fimbriae and fibrils. A more specific and firmer bond is established between
components of the bacterial wall called adhesins and their complementary
receptors in the acquired pellicle. Bacteria can bind to each other of the same
species (coaggregation) and to bacteria of different species that are already
bound to the surface forming substrate microcolonies (coadhesion).

- Phase 4: Growth or maturation:

Bacteria begin to divide, the extracellular polysaccharides they produce interact
with the organic and inorganic molecules already present in the oral
environment and the glycocalyx of the biofilm is formed. In this way, biofilm
grows three-dimensionally.

- Phase 5: Separation or detachment phase: dispersion

Once the maturity of the biofilm is reached, some bacteria are released from the matrix
and colonize new surfaces, beginning a new life cycle of the biofilm. Bacteria can be
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released in isolation (by erosion) or in the form of bacterial conglomerates (by
migration). This release can be favoured by external forces to the biofilm or by active
mechanisms of the biofilm itself.

The formation of the biofilm therefore involves an orderly sequence of communities
that occupy the surface on which it is formed. The pioneering microorganisms are
those that initiate the colonization of a habitat. This established community is the one
that modifies the local environment and in turn determines the new community that
can be incorporated. This process of mutual change in the community and its
environment is called "ecological succession." The final phase of succession is a
stable biological community called the "climax community."

The development of a biological community where there was previously none is called
a "primary succession." "Secondary succession" is the process of restoring the climax
community after an interruption of the community structure. Interruptions of this type
occur continuously on the surface of the tooth each time we brush our teeth.

8.2 Dental plaque

Dental plaque is defined as the microbial community that is on the dental surface in
the form of biofilm. It has all the characteristics that we have mentioned of biofilms, it
is attached to a surface (tooth) with a liquid-solid interface (saliva-tooth), it has
glycocalyx and colonies of sessile bacteria. It occurs in the mouths of all individuals
and itis involved in the aetiology of the most prevalent oral diseases: dental caries and
periodontal disease.

Dental plaque is a necessary factor in the formation of caries. It is more easily formed
in pits and fissures of the occlusal faces, in proximal gingival faces up to the contact
point and in the gingival margin. The process of plaque formation is constant and
inevitable. If it is removed from the surface of the enamel it is re-formed. The only thing
we can do is to control it so that the clinical caries lesion does not form.

For caries to begin to form, the presence of plaque or biofilm is not enough. It requires
that the metabolic activity of the biofilm generates fluctuations in the pH that cause
alterations in the mineral composition on the surface of the enamel: the onset of the
lesion. In the mouth there are approximately 200 to 300 species of bacteria, yeasts
and protozoa and the metabolic activity of this complex bacterial community is what
causes pathology in hard and soft tissues.

8.3 Dental plaque microbiology

The microbiology of caries is complex and it would be too simplistic today to say that
caries in its early stages is caused by streptococcus mutans and advanced caries in
dentine by lactobacillus.

8.3.1 Streptococci

Different species of streptococci have been isolated in the oral cavity: S. mutans, S.
sobrinus, S. salivarius, S. parasanguinis, S. sanguinis (sanguis), S. cistatus, S. oralis,
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S. mitis, S. constellatus, S. gordonii, S. anginosus, and S. oligofermentans. Of all of
them, S. mutans has been the most studied, but S. sobrinus and S. salivarius are also
known to be actively involved in the development of caries.

S. mutans was first described in 1924 by Clarke but it was not until the 1960s that it
was given importance in bacterial plaque thanks to the studies of Fizt-gerald and
Keyes. It can produce caries in cracks and smooth surfaces of all experimental animals
as it is very cariogenic, but there are 10-20% of patients with many caries in which it is
not detected. It is the first to colonize the surface of the tooth after the eruption and its
name was given due to its tendency to change shape. It can be found as a coccus or
as a bacillus. It grows in chains or in pairs. It is unable to move. It does not form spores.
It is gram-negative, facultative anaerobic and produces lactic acid. It is part of the oral
and upper respiratory tract flora and it is an opportunistic pathogen also in diseases
such as caries and infective endocarditis. When colonizing teeth, it tends to
concentrate on fissures and interproximal smooth surfaces and it also colonizes
prosthetic teeth. It has a low speed of transmission, so it does not spread quickly over
all surfaces and areas of high concentration can coexist with other non-colonized next
to them. It can be inoculated iatrogenically with a dental explorer or dental floss in non-
colonized areas.

The virulence factors that make it the protagonist in the onset of enamel caries are the
following:

- Acidogenic, it can ferment sugars in the diet producing lactic acid that lowers
the pH and demineralizes tooth enamel.

- Aciduric, it is able to produce acid in low pH conditions.

- Acidophilic, it can resist acidity by pumping protons out of the cell. They are
bacteria with the "lactate shuttle" mechanism.

- It synthesizes glucans and fructans from sucrose. These extracellular
polymers help the bacteria adhere to the tooth and they are used as a nutrient
reserve.

- The synthesis of intracellular polysaccharides, such as glycogen, serves as a
food reserve and its metabolism maintains the production of acids for long
periods even in the absence of sugar.

- It produces dextranase, it converts glucan into glucose and an energy source.

- The adhesion to the surface of the tooth is mediated by the interaction
between a protein of this bacterium and some of the saliva that form the
acquired pellicle. It has adhesins that are Ag I/ll and Spa P that bind to salivary
glycoproteins.

- Synthesis of bacteriocins. These are protein toxins that inhibit the growth of
similar bacteria or strains.

The S. mutans count can be used as a diagnostic aid to identify patients at risk for
caries If it is greater than 100,000 CFU (Colony Forming Units)/ml in saliva it is
considered an indicator of caries risk. This test will be used to assess the need for
preventive dental treatment.
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Despite all this evidence, studies have shown that in the absence of S. mutans caries
lesions can form and also that in individuals with high counts of S. mutans caries
lesions do not necessarily develop. It was also observed that S. sobrinus is more
acidogenic and more aciduric than S. mutans. The coexistence of both is a determining
factor in the development of caries.

S. mutans has been isolated in some cases from subacute bacterial endocarditis in
patients with valvular heart diseases undergoing dental treatment. This is why penicillin
antibiotic prophylaxis is performed in patients who require dental treatment and are at
risk for endocarditis.

8.3.2 Lactobacillus

Ever since Miller enunciated the "chemoparasitic theory", in the late 19" century, the
existence of this germ in the oral cavity is known. For a long time was imputed as the
most responsible for caries.

They are gram-positive, facultative anaerobic, acidogenic, acidophilic and aciduric
bacilli. A pH close to 5 favours their growth and the beginning of their proteolytic
activity. They adhere very little to smooth surfaces on their own, so they must use other
mechanisms to adhere to dental surfaces. They are found mainly in cavitated caries,
especially in infected deep dentine. They coaggregate with other bacterial species.

The most common species of bacilli in the oral cavity are: L. casei, L. acidophilus, L.
plantarum, L. salivarius, L.fermentum, L. brevis, L. buchneri and L. cellobiosus.

In humans they can be isolated in the saliva, back of the tongue, tooth surface and
mucosa. L. acidofilus predominates in saliva and L. casei in dental plaque and caries
lesions. The number of lactobacilli in saliva is correlated with existing caries so it can
be used as a measure of the prevalence of active caries. The number of lactobacilli is
affected by the diet, being higher in patients who consume a lot of carbohydrates. The
restriction of sugars and the treatment of caries considerably decrease the number of
these germs in the mouth.

8.3.3 Actinomyces

It is a gram-positive, facultative anaerobic filamentous bacillus, capable of synthesizing
extracellular polysaccharides and acidogenic. Actinomyces is the most frequently
isolated microorganism in subgingival plaque and root caries and it is capable of
producing root caries and periodontitis.

The 2 most important in relation to oral pathology are: A. viscosus that predominates
in the plaque of adults, and A. naeslundii that predominates in the plaque of children.

Its virulence is determined by the presence of fimbriae that contributes to the
phenomena of adhesion, aggregation and coaggregation and the production of
proteolytic enzymes, such as neuraminidase, of great importance in caries lesions that
have advanced to the deep dentine.
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8.3.4 Bifidobacterium

They are gram-positive, anaerobic bacilli, which are often grouped in branches and
are generally present in the healthy gastrointestinal tract of humans and animals.

In 1974 they described B. dentium species isolated in human dental caries and in 2002
a high concentration of Bifidobacterium was found in shallow cavity lesions and deep
decayed dentine.

8.3.5 Prevotella

They are strict anaerobic bacilli, gram-negative, non-sporulated, immobile, with a
marked proteolytic and haemolysing activity.

The most common in the oral cavity are: P. melaninogenica, P. oralis, P. intermedia,
P. buccae, P. nigrescens, P. denticola and P. loeschii.

They are associated with periodontal disease and infections of endodontic origin, but
in the case of caries it is not clear the role that this bacterium plays.

8.3.6 Veillonella

They are gram-negative diplococci, strict anaerobes, which are part of the resistant
flora in the oral cavity and upper respiratory tract.

Veillonella has insufficient direct adhesion to oral tissues, but it is found in large
quantities in subgingival dental plaque, supragingival dental plaque and on oral
surfaces due to bacteria coaggregation mechanisms.

It plays an important role in its ability to neutralize acids produced by cariogenic
microorganisms as it metabolizes lactic acid produced by other bacteria and it forms
propionic acid and acetic acid which are weaker.

8.3.7 Considerations in the microbiology of the dental plaque
- In healthy mouths without caries, S. sanguinis and S. mitis predominate.

- S. mutans is related to the onset and progression of caries, although its
presence is not essential for the progression of the disease, nor in advanced
caries.

- Lactobacillus, Bifidobacterium and Prevotella are secondary opportunistic
microorganisms that colonize the biofilm in advanced lesions contributing to
the progression of the lesion.

- Actinomyces is present in dental plaque in children and it is associated with
the onset of caries lesions in primary dentition, and in adults with the onset of
root caries lesions.

8.4 Dental plaque formation

The pioneering colonization of the oral cavity begins a few hours after birth. The first
species are transmitted to the child by parents, siblings and caregivers. These are
usually S. salivarius, S. mitis, Veillonella and Neisseiria. When the teeth erupt the flora
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changes and begins to have characteristics of the adult, S. sanguinis appears and with
the following teeth does S. mutans. The earlier S. mutans colonization happens in the
child, the more likely it is to develop caries in the future. In the oral environment, as in
other environments where biofilms are formed, microorganisms with the ability to
adhere to a surface survive better than those that do not adhere, which are eliminated
by salivary flow and swallowing.

Streptococci, due to their ability to produce the extracellular substance that allows
them to bind together, in addition to coadhesion and coaggregation, can adhere to the
oral mucosa and tooth surface. This allows them to successfully colonize the tooth
surface being the pioneer communities. The metabolism of these alters the conditions
of the environment favouring the growth of other bacteria. Actinomyces and other
gram-positive bacilli adhere to the Streptococcus, which have a lower capacity to
adhere to the acquired pellicle but do have the ability to coaggregate and co-adhere.
As the plaque develops and grows, the medium becomes unfavourable to aerobic
bacteria and facultative anaerobes and anaerobes begin to predominate. The
metabolites of the pioneer communities also serve as nutrients for other species.
Microbial succession occurs, which increases the diversity of bacterial species in the
plaque maturation process. It continues to grow until reaching the climax community
that will be different in the different ecological niches that occur on the tooth surface.
In the fissures and grooves predominate streptococci while in the root surface and
gingival sulcus predominate filamentous and spiral bacteria.

A dental plaque in which S. sanguis predominates is desirable for its ability to inhibit
the establishment of more pathogenic microorganisms. When all niches are saturated,
only highly competitive microorganisms can displace endogenous bacteria from that
niche. This happens due to a homeostatic mechanism called "colonization resistance"
(which can be quantified by measuring the threshold dose or number of
microorganisms needed to establish the new resident population). The threshold dose
(total number of bacteria inoculated in the mouth) is an essential factor for a new
microorganism to be part of the plaque. On this concept are based some
bacteriological tests of saliva to assess the risk of caries. Therefore S. mutans spread
to the dental surfaces must exist in sufficient numbers in the saliva to overcome the
resistance to colonization of the non-pathogenic microflora previously existing in the
mouth. An active caries can be a reservoir of S. mutans and Lactobacilli, so it is
essential to eliminate the active caries as soon as possible to prevent the colonization
of other dental surfaces.

Professional cleaning involves the removal of almost all organic material and bacteria
from the dental surface. In the formation of dental plaque after each brushing the
following steps are taken:

A) After about 2 hours of cleaning, the acquired pellicle accumulates on the surface of
the tooth, which is essential for microbial adhesion. The functions of this acquired
pellicle are:

- Protecting the enamel from acid attack and reducing friction between the
teeth.
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- Providing elements for the remineralization of the enamel. It is a reservoir of
ions such as fluorine.

- Allowing the initial adhesion of bacteria on the surface of the enamel.
- Serving as substrate for bacteria adhering to the enamel surface.

B) Two hours later (about 4 hours after brushing), the bacteria in the mouth adhere to
the acquired pellicle. This colonization will depend on the microorganisms floating in
the saliva or on bacteria or conglomerates released from the biofilm in other niches. S.
sanguis, A. viscosus, A.naeslundii and Peptostreptococcus are the first to bind to the
acquired pellicle due to their greater ability to adhere to hydroxyapatite and because
they have specific receptors to bind to salivary proteins precipitated in such pellicle. S.
mutans has an enzyme that, in the presence of sucrose, forms the extracellular matrix
of the biofilm, so the presence of sucrose in the oral environment enhances the binding
of S. mutans to the acquired pellicle.

C) In the first phases, aerobic bacteria with fewer harmful metabolites predominate,
but when the plaque matures, the predominance of anaerobic bacteria begins and the
metabolism produces acidic metabolites, mainly lactic acid. It is at this time of
development of the plaque when it is able to generate caries.

8.5 Ecological determinants in the formation of dental plaque
These are environmental factors that determine the characteristics of dental plaque.
8.5.1 Nutrients available for dental plaque

There are nutrients that promote plaque growth. Nutritional needs are different in
different microorganisms, so pioneers in colonization have simpler nutritional
requirements. S. sanguis and S. mutans can meet their needs from salivary protein
metabolism. In supragingival areas where there is a lot of oxygen, carbohydrates and
are bathed in saliva, facultative streptococci abound. A diet rich in sucrose makes S.
mutans the main component of the supragingival bacterial plaque.

In the subgingival area oxygen saturation is lower, there are fewer carbohydrates and
fewer salivary nutrients. Bleeding and exudate from the sulcus provide protein and
nutrients. Bacteroides melaninogenicus are obligate anaerobe and require albumin
and hemins so it is closely related to periodontal disease.

8.5.2 Oral hygiene

It involves an interruption of the bacterial plaque. The dental surface will be re-
colonized in a process of secondary succession. This process is fast because there
are always residents of the climax community. Since S. sanguis and S. mutans
compete to colonize the tooth, anything that promotes colonization by S. sanguis will
reduce the risk of tooth decay, so a diet low in sucrose will promote the growth of S.
sanguis versus S. mutans.
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8.5.3 Shelter factor

The smooth vestibular and lingual surfaces of the teeth are in continuous friction with
the cheek and tongue and subjected to the action of saliva. The points where caries
usually begin, coincide with the refuge areas such as:

- Pits and fissures. Pit and fissures caries are the most prevalent of all caries
lesions. S. mutans and other streptococci predominate. The appearance of
caries occurs between 6 to 24 months after continuous colonization by S.
mutans, so the sealing of pits and fissures is an important measure in the fight
against caries.

- Smooth surfaces of proximal surfaces gingival to the contact point. Is the
second most common location in the appearance of caries because they are
protected areas from salivary flow, tongue and cheeks action. In this area there
are other ecological determinants such as the shape and size of the papilla
(depending on gingival health and age), oral hygiene (use or not of interdental
brushes or dental floss) and irregularity of the dental surface (overhanging
restorations, structural defects, etc.). Patients with gingival health have the
papilla filling the interproximal space, leaving the enamel subgingivally, making
colonization by S. mutans less likely. Periodontal disease or age leaves those
spaces without papilla so they become refuge areas where colonization by S.
mutans is more likely and, consequently, caries can appear at that level. The
gingival third of the vestibular and lingual surfaces, that is more apical to the
line of maximum contour of the tooth, is also an area that becomes a habitat
for a mature cariogenic plaque as it is not subjected to food friction or
meticulous brushing.

- Root surface. At the gingival level, on the proximal surface of the tooth, it
usually has a concave shape. The enamel-cement transition is usually rough
and, if there is also gingival retraction, the formation of mature cariogenic
plaque is facilitated. A. viscosus and A. naeslundii predominate. They are areas
of difficult hygiene and in the elderly with gingival retractions, less skill in
hygiene manoeuvres and lower salivary flow increases the risk of caries. These
cavities progress faster, the dental pulp is close and sometimes difficult to
restore. These factors make an early diagnosis important.

- Subgingival areas. The gingival sulcus is a peculiar habitat where filamentous
bacteria and spirochetes predominate. Initially the subgingival plaque is an
extension of the supragingival one. The metabolites of this initial plaque
produce an inflammatory reaction with the presence of leukocytes,
immunoglobulins, albumin, hemins, etc. that eliminate some microorganisms.
Bacteroides melaninogenicus survive thanks to the iron contained in hemins.
This bacterium produces enzymes that destroy the gingival epithelium and
cause periodontal disease.
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Introduction

Food is one of the basic pillars in the development of dental caries because it involves
the supply of nutrients necessary for the microorganisms involved in its appearance,
whose metabolism is directly related to the appearance and frequency of caries. The
relationship between diet and the appearance of caries is sufficiently demonstrated,
on the other hand, there is no direct relationship between malnutrition and dental
caries, although the impact it has on general health could influence the appearance of
caries.

9.1 Nutritional and dietary aspects.

We consider food as the process of food intake that allows us to develop and obtain
energy. This intake can be considered under two aspects: nutritional and dietary.

From a nutritional point of view, ingested food undergoes metabolic processes in the
body in order to be used as a source of energy and nutrients to form body structures,
maintain them, regulate metabolic processes and perform all vital functions. The
content of foods is divided into five groups according to their composition:
carbohydrates, fats, proteins, vitamins and minerals.

It is clear that the oral cavity is part of an organism and therefore depends on its
general health and this, in turn, is not possible without proper nutrition.

The diet would be the amounts and types of food that an individual eats daily, its
knowledge is recommended to understand the patient as a whole. Foods can be
divided into seven groups that allow us to classify them according to their nutritional
value:

- Group 1: milk and derivatives.

- Group 2: meat, fish and eggs.

- Group 3: legumes, nuts and potatoes.
- Group 4: vegetables.

- Group 5: fruits.

- Group 6: cereals.

- Group 7: butter and oils

Depending on the quantity and distribution in the daily intake of these food groups, an
individual's diet can be established. The "Mediterranean diet" has been enacted as the
most appropriate and balanced for humans. This diet is based on a pyramidal
organisation of food based on the amount in which they should be eaten. According to
the Mediterranean diet, we must take:
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- At every meal: tubers, cereals or their derivatives and fruit.

- Every day: oil, dairy products, vegetables.

- From 3 to 5 times a week: legumes, white meats or fish and eggs.
- From 1 to 3 times a week: red meats.

- Occasionally: sweets and fats

- It is also advisable as a healthy lifestyle to exercise regularly.

9.2 Cariogenic factors in the diet.

As we already know, diet influences the appearance and evolution of dental caries, but
not only from a quantitative point of view, as there are other modulating factors that
are related to the characteristics of food and are as important or more than the amount
of carbohydrates containing. These factors are:

9.2.1 Consistency and adhesiveness.

Cariogenic foods increase their danger as their consistency and adhesiveness
increase, as this slows their removal from the tooth surface and increasing the
production of acids that damage the enamel. Foods rich in starch, given their high
consistency and adhesiveness, are more cariogenic than others rich in pure sucrose.

9.2.2 Time of intake

The grouped consumption of the food facilitates that the own mechanisms of self-
cleaning clear food debris from the mouth. This is because during the meals the
increase of the production of saliva, the movements of tongue and cheeks and the own
movements of the mastication exert an action sweep on the surface of the teeth.
Therefore, the consumption of cariogenic foods during meals is less dangerous than
their consumption between meals, being the worst time for consumption before going
to bed, since during sleep the volume of salivary secretion decreases physiologically.

9.2.3 Frequency
Frequent and short-spaced intakes of cariogenic foods generate continuous drops in

pH below the critical point and prolong the oral rinsing time, which increases the risk
of enamel demineralization. (fig 1)
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*The Stephan Curve?

Figure 1. Stephan’s curve

*Adapted from: Stephan RM, Miller BF. A quantitative method for evaluating physical and chemical agents which
modify production of acids in bacterial plaques on human teeth. J Dent Res. 1943;22;45-51. the-stephan-curve.

9.2.4 Food composition.

The cariogenicity of carbohydrates has been widely demonstrated. The protective
effect of some food components against caries is also known today. Phosphates and
some components of cocoa have been shown to reduce tooth decay.

9.2.5 Identification of risk groups.

The combination of these factors allows us to establish high-risk groups in developing
caries lesions, including identifying age-associated risk groups.

During infancy and after the rash, breast milk alone is not cariogenic. However, the
excess carbohydrates caused by the continued use of the bottle with juices, porridge
or sugary drinks are associated with early caries in the child, which appear on smooth
surfaces and are rapidly evolving and very destructive.

In adolescents, there has been an increase in the development of caries associated
with the abuse of sugary and carbonated beverages.

In medically compromised patients, a decrease in salivary flow is frequent, and

therefore a decrease in oral clearance. This situation worsens in cases of eating with
a soft diet with greater adherence to the tooth surface. Workers with monotonous jobs,
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as well as catering or bakery workers, generally have a higher number of intakes
(pecking) separated by short periods of time.

9.3 Cariogenicity of Carbohydrates

The pathogenic action of carbohydrates is due to the fact that these, and especially
sucrose (fructose and glucose) when metabolized by microorganisms, produce acids
that demineralize in the enamel. In addition to this acidogenic action, Streptococcus
Mutans produces glucan, extracellular polysaccharide, by which the bacterium can
adhere firmly to the tooth.

Various experimental studies have linked caries to carbohydrate intake. The best-
known being, perhaps for its lack of ethics, the Vipeholm study (Gustafsson, 1954).
This was a 5-year longitudinal study that used 436 mentally ill people with the aim of
relating carbohydrates to caries and assessing how they influence the frequency and
characteristics of the foods that contain them.

Patients from a psychiatrist were taken as a sample and divided into groups that were
fed carbohydrates of different consistency and with different frequency, obtaining the
following result:

- The control group, with a low-carbohydrate diet, barely had caries.

-Groups who consumed sugary liquids or bread with meals showed a slight
increase in caries activity.

- The group that consumed chocolates between meals four times a day showed
a moderate increase in caries activity.

-The groups that consumed 8 and 24 toffee-type candies between meals
showed a dramatic increase in caries.

In view of these results, Vipeholm's study came to the following conclusions:
- Sugar has a caries-promoting effect on the surface of the tooth.
- Foods rich in starch (bread) are not as cariogenic as those rich in sucrose.
- The amount of sugar is not of paramount importance in the formation of caries.

- The form of presentation and composition of sugars can be decisive; thus,
sugars in adherent form are more cariogenic.

- Sugary foods are more cariogenic if consumed between meals than if
consumed with them.

- The more frequent the intake of cariogenic foods, the greater the cariogenic
activity.
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- The increase in caries activity in uniform experimental conditions varies from
person to person.

- The increase in cariogenic activity disappears with the withdrawal of foods
rich in sugar.

- Caries appear despite removing sugar from the diet.
9.3.1 Miller's acidophilic theory

Miller's acidophilic theory is the best known for explaining the formation of dental
caries, it is based on four basic pillars:

- Some bacteria in the oral cavity are able to metabolize carbohydrates through
the anaerobic glycolytic pathway, which produces acids. Mainly lactic acid.

- The enamel is formed by hydroxyapatite crystals ([Ca*?]1o [PO47]s [OH ]2 &)
in more than 90% and these in turn by calcium salts, which can be
dissolved by action of acids.

- The formation of organic acids by bacteria is detectable in the mouth after
ingestion of carbohydrates.

- The decrease in pH caused by acids begins the process of decalcification of
the enamel when it drops from 5.5 (critical pH for enamel). These acids in high
concentrations solubilize hydroxyapatite and consequently demineralize the
enamel, which is known as acid solubilization.

[Ca™?]10 [PO4°]s [OH]2 + H 6 POsH + H,O + 10 Ca™

[Ca*?1o [PO4P]s [OH]2 + H*6 PO, H? + H,O + 10 Ca™®

We can summarize this theory that carbohydrates in the oral cavity are metabolized
by bacteria producing acids that release H*, lowering the pH below the critical point,
which initiates the decalcification of the enamel.

9.3.2 Danger of carbohydrates.

Carbohydrates have different cariogenic potential depending on their composition and
structure. The most cariogenic of all is sucrose (common sugar), followed by
monosaccharides such as glucose and fructose (fruits, honey) and disaccharides such
as lactose (milk). Lastly are the large starch-type polysaccharides, although cooked is
more cariogenic than raw.

Knowing the conclusions of the Vipeholm study and the carbohydrate hazard scale, it

is possible to establish a food hazard scale that allows us to guide patients towards a
less cariogenic diet. Thus, the hazard scale is in descending order:
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- Solid and retentive foods consumed between main meals, or before bedtime.
- Solid and retentive foods consumed during meals.

- Liquid foods rich in carbohydrates, non-retentive, consumed between meals,
or before bedtime.

- Liquid foods rich in carbohydrates, non-retentive consumed during meals.

As we see on this hazard scale of food, we should lower the frequency of carbohydrate
intake by avoiding pecking between meals of carbohydrate-rich products, as salivary
flow is lower and the ability to rinse worsens, especially with sticky and insoluble food.

9.4 Other elements related to the development of caries
9.4.1 Sugar substitutes

There are sweeteners that have a similar taste to sugars, but as they are not
carbohydrates, they are not metabolized by plaque bacteria and no acids are
produced. Or if any acid is produced in their metabolism it is in very small amounts, so
the number of caries is reduced. There are two types of non-cariogenic sweeteners:
caloric and non-caloric.

Caloric sweeteners are sugar alcohols and their use are widespread. The most
common being xylitol, sorbitol, mannitol, lactitol and maltitol. Of these, xylitol has
remarkable characteristics, is a pentitol with a sweetness similar to that of sucrose. It
also has the peculiarity of exerting a cariostatic action by interfering with the
metabolism of Streptococcus mutans, so that their saliva and plaque levels are
reduced. In addition, if the xylitol is in chewing gum the continuous mastication
increases the salivary flow and increases the pH.

Non-caloric sweeteners also provide intense sweetness, but do not provide energy, or
their contribution is so low that it does not matter. The most used are saccharin and
aspartame.

9.4.2 Protective factors of the diet

On the other hand, there are different foods that can have protective effects against
caries.

Food fats coat the surface of the tooth, preventing the plaque from adhering and
retaining carbohydrates, and they can also be toxic to bacteria.

Proteins prevent enamel erosion because they increase the buffering capacity of
saliva.

The associated consumption of fats and proteins after carbohydrate intake increases
the pH.
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9.4.3 Influence of fluoride use

It has been shown that the use of fluorides prevents the appearance of caries,
remineralizes the areas where the demineralization of the enamel has begun and
decreases the rate of evolution in case of existing injuries.

Its main preventive effect against caries is based on its ability to bind to the phosphate
and calcium of enamel hydroxyapatite and dentine, decomposing into calcium fluoride
and sodium phosphate. Calcium fluoride precipitates on the enamel to form
fluorapatite, which is more resistant to acid attack than hydroxyapatite. If calcium
fluoride is left unresolved, it is entrained by saliva and can be deposited in a second
reaction. Another of the anti-caries effects of fluoride is based on the ability to modify
the surface load of the tooth, preventing the formation of the acquired pellicle and the
consequent adhesion of bacteria.

In incipient caries lesions fluorides interact with hard tissues promoting their
remineralization and slowing demineralization. The remineralizing effect of the lesions
is achieved by precipitation in the enamel of calcium and phosphate present in saliva,
replacing manganese and carbonate salts lost by the demineralization of acids
produced by bacteria.

The most important protective function of fluorides in the aqueous phase against caries
is based on their ability to alter the saturation of the saliva and plaque surrounding the
tooth, decreasing the dissolution of the enamel and promoting its remineralization.

At the bacterial level, fluorides in low concentrations prevent the formation of
extracellular polysaccharides from glucose by inhibiting glucosyl transferase, thereby
decreasing bacterial adhesion. It also inhibits the formation of intracellular
polysaccharides because it prevents bacteria from storing carbohydrates, thus limiting
their metabolism when no carbohydrates are present. Fluorides in high concentrations
have a bactericidal effect on Streptococcus Mutans.

9.5 Conclusions and recommendations

Diet is a determining factor in the environment of the oral cavity for the development
of caries, so it is necessary to make patients aware of its importance. On the other
hand, we must not forget that a diet with an excessive intake of carbohydrates will not
only suppose a higher risk of caries, but also increases the risk of obesity, metabolic
disorders (diabetes), cardiovascular disease (hypertension), respiratory (apnoea) or
fractures.

From a cariogenic point of view, we must analyse the diet to determine the possible

correlation existing in our patients, with the aim to convey to them the importance of
following some recommendations as a general rule:
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- Reduce sugar consumption <40 g / day.

- Reduce the frequency of consumption.

- Avoid snacking between meals.

- Reduce the consumption of sticky foods (propose substitutes).

- Advocate the use of other sweeteners.
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10

STRUCTURAL ALTERATIONS
IN CARIES INJURIES

10.1 Enamel caries.
10.2 Dentine caries.

10.3 Cement caries.
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Introduction

The substrate where caries develop is represented by the hard tissues of the tooth,
which have significant differences in its composition and structural organization. This
will condition the structural alterations that will produce caries, as well as the way it
evolves.

As we already know, caries is an infectious, multifactorial and universal disease that
affects the mineralized matrices of dental tissues by acid attack. It also determines
their demineralization, dissolution and degradation, and given the evolutionary nature
of the disease structural damage to the teeth’s hard tissues can only be made of
enamel or cement, even affecting the dentine.

10.1 Enamel caries

The enamel is a tissue with low permeability and quite resistant to dilution by biofilm
acids. Prism sheaths, striae of Retzius, interprismatic spaces, perikymata, enamel
lamellae, and fusiform bodies or enamel’s spindles are the main routes of water
diffusion and small ions such as H* since they are the elements of the enamel with
lower mineralization and higher organic content.

The critical pH at which enamel demineralization processes begin to appear is below
5.5. In most cases the demineralization processes are followed by remineralization
processes with which there is an apparent balance that does not affect the integrity of
the tooth. Only when the balance tilts to the side of demineralization, the first clinical
manifestations of dental caries begin to appear. The curious thing is that the outermost
10-30um of the enamel remain intact, these correspond to the aprismatic enamel as
we have already mentioned, more resistant to acidic pH and where the
remineralization processes based on fluorapatite are established.

10.1.1 Evolution of enamel caries.

The onset of the damage begins in the subsurface enamel causing the first clinical
manifestation also called white spot. Apparently and from a clinical point of view, the
surface looks healthy, but when dried, an opaque calcareous whitish surface appears
in the enamel. Moisture lesion is not detected because the wet porous area is
translucent.

Temporal evolution has shown that at least two weeks must pass without altering the
plague to see the appearance of this stain on the tooth. After 3 or 4 weeks the white
spot lesion is visible even without drying.

The shape of the lesion will depend on its location:

- Pits and grooves, will have a conical shape, with the base towards the
dentinoenamel junction by the direction of the prisms at this level.
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- Proximal surfaces of the tooth, kidney-shaped, elongated in buccal-lingual
sense, located between the contact point and the gingival margin.
- Smooth surfaces: conical shape with the base of the cone on the surface.

At the structural level, the following changes occur:

- Dissolution of hydroxyapatite crystals.

- The crystals come loose.

- The prisms separate.

- There is an increase in interprismatic spaces.
- The central area of the prisms.

This white spot injury is reversible as long as the enamel retains its mineral structure.
The calcium and phosphate ions in saliva, usually hypersaturated from these ions, as
well as the fluorine inputs from water, mouthwashes and toothpaste, penetrate the
enamel and remineralize these crystals. The presence of fluorine allows fluorapatite to
form during remineralization, which is much more resistant to acid attack than
hydroxyapatite as its critical pH is lower.

Remineralized lesions are sometimes pigmented brown because when the enamel
was demineralized, it allowed organic molecules and metal ions to become trapped,
resulting in the so-called brown stain.

When the demineralization of the subsurface is so extensive that the enamel collapses,
cavitation occurs. This process is now irreversible, as a result of a combination of
demineralization and remineralization cycles with a predominance of the former.

When enamel cavitation occurs, the exposed surface is rougher and this allows
bacteria that do not easily adhere to the surface to now colonize it, such as filamentous
bacteria. When the plaque becomes thick enough, it becomes anaerobic on the tooth
surface.

The shape of the lesion is conical, extending through the prisms of the enamel with the
base of the cone at the dentinoenamel boundary. Microbiologically, we will see how
Streptococcus mutans have the main role of the initial caries lesion. Then Lactobacillus
is a prominent bacteria in cavitary lesions and their progress in the dentine.

From the third or fourth week of evolution of the bacterial plaque on the tooth, this sub-
superficial demineralization is seen, and four histological layers are already clearly
observed in the white spot lesion:

- Translucent area. It is the deepest area of the lesion. It has 1% porosity, which
represents 10 times more porosity than healthy enamel. It is called translucent
because by filling the pores with quinoline and observing the lesion with
polarized light, it has the same refractive index as healthy enamel.

- Dark area. It is the layer immediately above the translucent one. It has 2 to
4% porosity, although it has smaller pores, it is believed that this phenomenon
has to do with the apposition of ions in the remineralization phases produced
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recently. It does not transmit polarized light as the translucent layer does,
hence its name. It has 5 to 8% less mineral tissue, compared to healthy enamel.
- Body of the lesion. Itis the largest area of enamel caries. It is located between
the surface area and the dark area. It has a higher percentage of pores, 5-25%
of the total volume and the porosity is higher in the centre of the area. The
mineral loss is 10 to 15% compared to healthy enamel.

- Surface area. It is only present in lesions in which the enamel has not yet
cavitated. It has a thickness of 20 to 50 ym. The mineral content is 5-10% lower
than that of healthy enamel. The surface of the enamel is remineralized with
fluorides and as the lesion progresses conical defects can be observed in it
which make the surface more retentive. The remineralization of this area
always gives harder enamels, more or less retentive depending on the degree
of superficial affectation.

Once we know the histological layers that exist in a caries lesion, we can understand
the six phases of the development of the enamel lesion described by Darling in 1959:

- Phase 1: only the surface area and the translucent area are observed.

- Phase 2: the dark area appears between the surface layer and the translucent
one.

- Phase 3: at this time the dark area is wider, and the body of the lesion
appears.

- Phase 4: this phase is only a progression of phase 3. The surface layer is still
intact, but the lesion appears clinically as a white spot and can be detected
radiographically on the interproximal surfaces. In the last part of this phase,
caries already reaches the dentinoenamel junction.

- Phase 5: the surface enamel acquires a chalky appearance and can break
with an exploration material.

- Phase 6: the surface layer collapses and the enamel cavitation occurs.

10.2 Dentine caries

Dentine is a less mineralized and more permeable tissue than enamel. It includes
tubules that allow water, bacteria and ions to penetrate. It also contains cytoplasmic
extensions of odontoblasts; whose cell bodies are in the outermost layer of the pulp.
Because of this, it has mechanisms of reaction against the advance of caries, which
determines its progression.

The caries process usually reaches the dentinoenamel junction long before the enamel
cavitation occurs. That is, the dentine-pulp complex involvement in the caries process
is very early. When caries reaches the dentinoenamel limit, there is a lateral extension
of the lesion due, precisely, to the lower mineralization and the higher organic
component of the dentine, continuing the progression following the direction of the
tubules. Therefore, the lesion in the dentine has a cone shape with the base at the
dentinoenamel junction.
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10.2.1 Evolution of dentine caries.

In the dentine affected by caries, before the cavity occurs in the enamel and especially
in the slowly advancing caries, the following histological layers are distinguished from
the surface to the deepest area of the lesion:

- Body of the lesion or demineralization area. It is the most superficial area in
the dentine, adjacent to the amelodentinal limit. The lesion follows the normal
curvature of the tubules. It appears when bacterial products reach the dentine.
It concentrates the highest demineralization and the highest percentage of
bacteria.

- Translucent area, transparent area or sclerotic reaction. It is between the body
of the lesion and the dentine not affected by caries. There is an area with
tubular sclerosis that histologically is observed as a translucent region because
the contrast medium does not penetrate the tubules. In this area the
intertubular dentine is demineralized, but the collagen network is preserved,
which serves as a template for remineralization. Inside the tubules, crystals are
formed and partially or completely occlude their lumen. There are no bacteria
in the tubules, but there is already an alteration in the odontoblastic processes.
- Normal dentine. The translucent area may extend to the pulp, although it is
possible to find an unaffected dentine area between the sclerotic dentine and
the pulp.

- Reactive dentine, as a defensive reaction.

As we have seen in the enamel, the progression of the caries lesion in the dentine also
follows an established chronological pattern that we can observe in the following
phases:

- Phase 1: The biochemical changes in the environment, produce the partial or
total obliteration of the tubular lumen by the deposit of crystals in the tubules
and the creation of peritubular dentine by the extensions of the odontoblasts.
This process begins between the dentine where caries and pulp progress.

- Phase 2: Plaque acids initiate the process of dentinal demineralization by
dissolving the peritubular dentine and permeabilizing the tubules.

- Phase 3: When the enamel cavities, the germs invade the tubules,
exacerbating the acid attack. The tubules are abnormally widened
discontinuously.

- Phase 4: the injury continues with the involvement of the intertubular dentine,
which undergoes demineralization and alteration of its organic matrix.

- Phase 5: Intratubular and peritubular lesions join to form rounded
microcavities in the dentine that contain germs and debris from tissue
destruction.

- Phase 6: The microcavities converge causing dentinal softening.

We must not forget that this process does not always develop in the same way, since

the dentine-pulp complex is able to develop defence mechanisms to respond to the
progress of caries.
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10.2.2 Defensive reactions of the dentine-pulp complex.

The dentine-pulp complex reacts to aggression in three different ways: by trying to
obliterate (block) the lumen of the tubule, by remineralizing the affected tissue, and by
trying to protect the pulp from the advance of caries.

The intensity of the defensive response will depend on the previous state of the pulp,
the presence of a good vascular supply, the dentinal structure and the intensity of the
injury attack.

- The intensity of the attack. Caries is an intermittent disease that alternates
periods of rapid evolution with others chronic over time. When progress is slow,
the defensive response is more favourable.

- Dentine structure and permeability. Dentin with narrow tubules and reduced
in number, makes it difficult for caries to progress. This is why the progression
of caries is faster in the young than in the elderly.

- The previous state of the pulp. The defensive response of the dentine-pulp
complex is more favourable if the pulp is young and has no previous
pathological or restorative involvement.

The mechanisms of the defensive response of the dentine-pulp complex are:

- Cellular changes. Morphologically there is a reduction in the number and size
of the cell bodies of odontoblasts adopting a flat or cuboid shape compared to
their natural cylindrical morphology. In cases where there are dead primary
odontoblasts in adjacent areas to the lesion, it is observed how undifferentiated
mesenchymal cells of the pulp assume the role of these odontoblasts.

- Sclerotic dentine is darker in colour than normal dentine, bright and hard to
the touch with the spoon excavator or explorer. It is much less permeable than
normal dentine, which makes the progression of caries slower.
Radiographically it can sometimes be observed as a more radiopaque area in
front of the more radiolucent area of caries given its greater mineral
component, existing often under the old restorations. It is not necessary to
eliminate it during the treatment since this tissue is not infected. For sclerotic
dentine to form, it is essential that the odontoblasts are alive.

- Tertiary Dentine. The acidic products, hydrolytic enzymes, bacterial toxins,
cause necrosis of the odontoblast and leave dead tracts. As a reaction to the
progress of caries, the dentine-pulp complex forms dentine which we call
tertiary. There are two types of this tertiary dentine: reactive dentine, which is
created by odontoblasts surviving aggression and reparative dentine produced
by secondary odontoblasts or new odontoblasts generated from
undifferentiated mesenchymal cells. Tertiary dentine forms in the pulpal wall,
adjacent to the caries advancement area. This dentine has a more irregular
structure than normal dentine.

- Intrapulpal calculations (pulpolites), which are dentine not attached to the
natural dentine and which is established as a stone in the dental pulp.
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10.2.3 Pulp reactions

It is important to know that the dental structure is irrigated by small apical foramen,
and there is no collateral vascularization. It is a rigid structure, which cannot expand
or dilate. This means that when there is an aggression in the dentine-pulp complex,
and there is inflammation, which requires a greater arrival of blood to the tooth, there
is an increase in the size of the artery at the level of the apical foramen. But just as it
produces an increase in volume at the entrance, the same volume must come out of
the tooth through the venous system. Being a tissue without elastic capacity there is a
collapse at the height of the foramen, with an increase in pressure inside the pulp that
in many cases and depending on factors such as the duration time, previous state of
the piece and intensity of the process, they make the dental pulp una